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DIURNAL VARIATION Of VISIBILITY OP OBJECTS AT DIFFERENT 
ALTITUDES AND IN DIFFERENT DIRECTIONS DURING THE COLD 
SEASON AT POONA AND ITS NEIGHBOURHOOD. 

BY 

C. S. Kap.vb. 

> {Received on 2nd December 19 10.) 


Abstract —^ Tkete is a marked diurnal variation in the visibility of objects in and near Poona 
during the cold season. The visibility is usually fair at sunrise but deteriorates rapidly, becoming very 
poor generally at some hour between 8 and lOhrs. (most frequently between S and 9 hrs ) and] rapidly 
clearing before 11 hrs. As observed from the tower of the Poona Meteorological Office, the visibility 
minimum, is reached earliest m a direction towards the north-east and latest towards the south-west. 
This is mainly due to the prevailing north-easterly to south-easterly wind carrying the haze m that 
direction. Comparing similar objects at nearly the same distance and direction, the deterioration of 
visibility takes place earlier for lower objects than for higher ones. The improvement of visibility also 
begins slightly earlier for lower objects, but the change is rapid and the clearing takes place practically 
simultaneously for lower and higher objects. At the time of lifting fog (a rare phenomenon at Poona) 
lutiher objects become visible earlier than the lower ones* 

The diurnal variation of visibility of objects in winter on days of clear undisturbed weather as seen 
from Port Purandhar (4,560 ft. above sea level) is appreciably different from that observed from Poona 
(1,850 ft above sea level). The minimum of visibility which takes place in the forenoon occurs two to 
three hours later at Port "Purandhar, and the time of clearmg of haze is also correspondingly delayed to 
some hour between 12 and 14 hrs. The coefficient of eddy diffusion calculated from the lag in the 
time of maximum haziness or clearing of haziness comes out to bo 8*9xl0 4 cm.*/sec. which is in 
approximate agreement with the value deduced by Barkat Ali from the variation of wind with height 
at Agra for the period February to April. 
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Introduction. 

In a paper on “ Fog and haze at Poona during the cold season 55 published 
as a Scientific Note of the India Meteorological Department, Bamdas and 
Atmanathan 1 have discussed in a general way the almost daily occurrence of haze 
over Poona during the winter season and its changes during the early hours of the day. 
They fhave pointed out that the upper boundary of the haze layer which is sharp 
at night and in the early morning, becomes more and more diffuse as the ground 
gets heated by sunshine and thermal convection sets m, and by about 9 hrs., the 
fog or haze generally disappears from the surface layers. Also in a paper on “ Solar 
Badiation at Poona ” S. S. Kohlr has commented on the large effect of the 
raising of haze on the intensity of solar and sky radiation received on a horizontal 
surface at about 9 hrs. during the winter months. 

The haze in the atmosphere over Poona and its neighbourhood in these months is 
mainly due to the raising of surface dust and smoke during the hot hours of the day 
by thermal convection and turbulence and their settling at night. Large lapse-rates 
jaf 8 to 10°C per kilometer prevail during afternoon hours upto 1| — 2 kilometers. 

In addition to a more or less permanent dust b nmdary at about this height, 
there is yet another boundary very close to the surface of the earth marking the top 
of the surface dust and smoke. Within a couple of hours after sunset, the boundary 
settles down with a sharp upper limit and this condition persists throughout the 
night with occasional disturbances due to katabatic winds. 

In the morning hours, as the sun rises up and the ground gradually gets heated, 
the whole mass of this night haze is lifted by the convection currents. A result of 
this upward movement of haze is the gradual deterioration of atmospheric visibility 
of objects at different altitudes. The visibilitv of objects at increasing heights gets 
impaired in succession as the haze rises. However, the movement is not confined 
to the vertical direction alone ; there is also a lateral movement of the haze due *to 
winds. As a consequence, the atmospheric visibility of objects in different 
directions and altitudes gets deteriorated in a more or less systematic manner depend- 
ing on the weather condition. 

In a thesis on the diurnal variation of visibility in the cold season at Poona 
and Bombay, the author his discussed the variation of atmospheric visibility 
due to haze m different directions. 

As the vertical movement of the haze is also important for an under- 
standing of the phenomenon, a new series of half-hourly observations on objects 
at different altitudes, but at nearly the same distance were taken during the cold 
season of 1939-40. The observations were carried out from the tower of the India 
Meteorological Office, 121 feet above the ground, with the help of visibility meter 
prepared locally by the author according to the suggestions of Dr. K. B. Bamanathan. 
The visibility meter is made on the same general principles as the Bennett instrument, 
but instead of using a number of graded discs, a battery of discs of the same uniform 



RXLITV IN COLD SEASON AT POONA AND NEIGHBOURHOOD. 3 

character is employed. For comparison, the equivalent disc numbers of Wigand 
and Bennett meters corresponding to the disc numbers of the Lilian instrument are 
given hi, T able I. 

Table I. 


Corresponding readings of Wig mi , Bennett, and the locally mole visibility meters 

under dig time conditions. 


Indian Visibility Meier 

Wigand Meter. 

Dennett Meter. 

I 

1 

1 

% 

2 5 

2-5 

% 

3 ! 

4 

4 

5* 5 ' 

5 

6 

8 

6, 10* 

8 1 

12 ; 

14 * 

10 | 

is ; 

10 

12 

H 

19 


The observations were commenced in the early hours of the morning and continu- 
ed till noon by which tune the haze gets well mixed up and practically disappears. In 
part I, the results of these observations on a few selected days are discussed. In 
part II, the visibility observations made in the winter of 1937 from Poona and Fort 
Purandhar (at a height of 4,560 ft. above sea level) on four consecutive days of very 
similar weather are discussed. 


PAST X» 

Place of Observations, Visibility landmarks, etc. 

A general idea may be given of the situation of the observatory and the main 
features of its surrounding!. The town of Poona is situated at a distance of about 
30 miles to the east of the ridge of the Western Ghats. Its height above sea level 
is 1,850 ft. and the town is in the midst of a country which is rugged on its 
western side becoming more and more level towards the east. The Observatory is 
situated between two small rivers, the Mutba and theMuia, which join together at a 
distance of about three-fourths of a mile to the east of the Observatory. The Mutha 
flows from the south-west from Khadakwasala lake and the Mula from a northerly 
direction when it approaches Poona and from a north-westerly direction 
farther up. There are thus two river valleys converging towards the east of the 
Observatory, the more important of the two valleys being the one towards the south- 
west. This valley and the surrounding hills have a large influence on the local winds 
of Poona and also on the diurnal variation of visibility at the place. The city of 
Poona and its suburbs are situated to the east and south-east of the Observatory. 

Throughout the period November to February, Poona is in an anticyclonic area. 
In the early part of this period, when the north-east monsoon is still active in the south. 

*ThS anomalous readings given by the Bennett’s visibility motor have been investigated and th» 
esults will be discussed in another paper. 
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of the Indian Peninsula, south-easterly winds are common, but in X aiin&rf arid Febru- 
ary, with the retreat of the north-east monsoon to the soulh of Indian area, the south- 
easterly winds gradually change to north-easterlies. At the surface, calms are frequent 
at night and in the early morning. There is a diurnal rotation of wind, the direction 
being generally south-easterly to north-easterly during the day horns (occasionally 
becoming north-westerly in the late afternoon hours owing to the incursion of the 
sea breeze) and south-westerly or north-westerly during the night hours. The westerly 
winds are generally very shallow and are “ katabatic winds ^ flowing down river 
valleys. It is during the times of transition between katabatic winds and gradient 
winds when the surface wind is very weak, that the maximum deterioration of visi- 
bility occurs at Poona. 

Observations were taken on a large number of days. Tire results obtained on 
a few typical days are discussed below. A table containing the information about the 
azimuth and the distance of different objects is given below. 

Table II. 


Visibility landmarks at Poona and their azimuths and didames from the 

Meteorological Office. 


Object. 

Ho, 

Azimuth. 

Distance 
in km. 

Heiccht above 
the place of 
observ atiem 

In meters. 

Description. 

1 



30 

A low hill. 

i 

2 


11*2 

105 

! Saddle between two Ms. 

3 



180 

Top of a hill. 

4 

i 59° 

3*8 

! 30 

Top of a small bilk 

5 

61° 


—30 

Lower portion of the same hilL 

6 

134° 

19*2 

330 

Saddle between two peaks of a bill. 

7 

136° 


420 

Peak of the same hill. 

8 

174 ° 

14*4 

330 

Saddle between two peaks of a bill. 

9 

170° 


4S0 

, 

Peak of the same hill. 

10 

o 

t> 

O 

Ssl 

22*4 

* ; 

030 

One corner of the Hat top of Sinhagad hill. 

11 

211° 


480 

Saddle just below it. 


Eleven different objects were chosen, all of them being hills against a sky-back- 
ground. 
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Fig. 1— Positions or Visibility Landmabks at Poona* 

From the chart (Fig. 1) it will be seen that objects were selected in different 
directions, but in order to study the effect of altitude, pairs of objects were chosen 
in nearly the same azimuth and the same distance. 

The observations were made with the visibility meter at intervals of nearly 
fifteen minutes. The values of the readings of the visibility meter against the time 
of the day are plotted in the Figures 2 to 5. A circle indicates the reading for the object 
at the higher altitude while a cross shows the reading for the, one at the lower altitude* 
In the north-north-easterly direction alone, three objects at three different heights 
were chosen for observation. Along with the curve of variation of visibility, the wind 
directions and speeds on the Beaufort scale at half-hourly intervals are also given* 

Results of Observations of four selected days. 

28th November, 1939, (Fig. 2 ) . — On this day there was a south-westerly breeze 
for a number of hours preceding daybreak and in the early morning. At about 
7-30 a.m. the breeze died down and there was almost calm up to 9-45 a.m. The 
movement of the haze after sunrise was mainly due to the convection currents set 
up by solar heating, and was vertical with little or no lateral movement. From 
9-45 a.m. a weak northerly to easterly wind sprang up which became more and more 
gusty. With the development of this wind, the haze was rapidly wafted away* 

Up to 9 a.m. the vertical movement of air was mainly responsible for the changes 
of visibility and therefore the visibility of objects at lower altitude deteriorated more 
rapidly than that of objects at higher altitudes. The objects in the north-easterly 
quadrant were obscured by haze (from a factory in the north) earlier in the day, 
while objects towards south and south-west being away from the city and suburbs, 
their obscuration occurred after 9-30 a.m. when the north to easterly wind caused the 
movement of the city haze towards those directions® 
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It will be observed from the curves that m every direction the visibility of the 
objects at lower altitudes became worse earlier than those of the objects at the 
higher altitude m the same azimuth. Also m every case tne improvement of visi- 
bility of both the higher and lower objects took place practically simultaneously. 

Notes on Visibility on 28th November 1939 . 

0730 hrs. — Hills towards the south, south-east and south-west are very clearly 
visible, while lulls towards the north, north-east as well as the part 
of the city in that direction are seen completely enshrouded in the 
early morning haze. 

0800 hrs. — Hills to the south, south-east and south-west getting gradually 
poorer m visibility and the visibility of lulls towards the north and 
north-east is very bad. The top of the haze boundary is gradually 
lifting in all directions. 

„ . * 

0900 hrs. — -V; isibility of objects towards the north-north-east is rapidly improving 
while visibility m the south and south-east directions is getting worse. 

0930 hrs. — Objects towards the city of Poona and Kirkee (north and north-east) 
becoming clearly visible. Haze on the ‘eastern part of the city is 
gradually lifted up. Hills towards the south-east, south and south- 
west are now getting enveloped in rising haze. 

1000 hrs. — Gradual movement of city haze towards the south and south-west 
is clearly marked and the visibility in that direction is getting worse. 
Haze boundary has gone high up in the sky. 

1100 hrs. — -AH directions are clear of haze. 

2nd December, 1939. (Fig. 3). — The easterly and south-easterly wind between 
8 p.m. and midnight on the 1st had drifted the haze from the city area towards the west 
and south-west. From midnight up to 8 a. m. on the 2nd, there was calm and 
so the haze brought to west and south-west on the previous night had settled 
in the early morning hours and gathered near the ground. As the heating of the 
ground commenced in the morning the vertical movement of this haze caused an 
unusual deterioration of visibility in these directions, while the visibility m the 
north was much better than usual and improved rapidly as the convection currents 
set in accompanied by north-easterly breeze at 9 a. m. 

The north-easterly breeze which commenced at 9 a. m. drifted some of the 
Faze from the city area towards the west and south-west and so the improvement of 
visibility in these directions was not as rapid as on the 28th November. 

The curves on this day clearly show a greater obscuration of the lower objects. 
This is particularly marked in the case of objects towards the south and south-west 
where the difference in altitude in each pair of objects is 500-600 ft. 

The improvement of visibility of objects at different altitudes in the same direc- 
tion commences at about the same time. 

Notes on visibility on 2nd December , 1939. 

0730 hrs. — -The day seems to be exceptional. The ha^e is very thick towards 
the south, south-east, and south-west directions while towards 
' the north it is thin. The lower hills towards the south-east, south and 

south-west are gradually getting bad visibility while the top of the 
1 * hills are not yet affected. The city is completely , under v the masfc 

of the haze. 4 * ' 
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0800 hrs. — -Haze boundary towards the south-east, south and south-west direc- 
tion is rising rapidly. The objects at lower levels are almost invisible- 
while those at higher altitudes are gradually getting bad visibility. 
The upward movement of haze is clearly seen. Waves after waves 
are seen moving upwards. The north-east side is gradually deterio- 
rating m visibility. 

0830 hrs. — The visibility of objects towards the city and Kirkee in the north- 
east quadrant is rapidly improving while the haze has now come up 
to the tops of hills towards the south-east, south and south-west 
directions. 

0300 hrs. — Almost all the haze towards the north and north-east is dispersed. 

The objects towards the south-east, south and south-west are still 
affected 

1000 hrs. — Good visibility in all directions. 

* 15th January, 1940. ( Fig 4). — On this day, there was a south-westerly breeze 
from midnight to 8-30 a.m. Between 7 and 8-30 a.m. the wind was very weak 
and the speed did not exceed 1 mile per hour. However, it increased afterwards and 
the direction also changed to the north-west between 8-30 and 10 a.m. and then 
to north-east, gradually veering to the east. 

Due to the south-westerly breeze throughout the early morning hours only a 
small quantity of haze settled m the south and south-west directions and so the visi- 
bility of objects towards these directions was nob much deteriorated. In the case 
of objects towards the north, when the lower object at 30 meters had begun to improve 
in visibility, the object at a height of 105 meters was still getting poorer in visibility. 
As the obscuration of the object at 105 meters height reached its maximum, the 
north-westerly breeze sprang up and drifted the haze towards the city so that the 
still higher object at a height of 180 meters was not affected at all. 

The effect of altitudes was marked in the morning deterioration of visibility 
of all the objects. The improvement began at the same time for the lower as well as 
the higher level objects in the same direction. 

Notes on visibility on 15th January , 1940. 

0800 hrs. — Usual strong haze towards the east but fairly good visibility towards , 
the north. 

0315 hrs — Perfect calm. Haze boundary being gradually lifted up. 

0830 hrs. — Haze being carried towards the south-east and visibility in that direc- 
tion is getting poor. 

0845 hrs — Visibility improved towards the north ; north-easterly breeze is delay- 
ing the deterioration of visibility towards the south-east. 

0900 hrs.— North-easterly to north-north-easterly fresh breeze. 

1015 hrs. — Good visibility in all directions except towards the south-south-east. 

19th January, 1949. (Fig. 5). — This was a very exceptional day. For three 
or four days previous to it, the sloes were heavily clouded and there was rainfall 
on the 18th. The high humidity of the air caused a very dense fog in all directions 
on this day. 

There was a weak south-westerly breeze throughout the early morning hours 
which continued upto 10 a.m. with a slight change to westerly or north-westerly 
between 7 a.m. and 8 a.m. The wind speed did not exceed 2 miles per hour 
between 7 a.m. and 10-30 a.m. 
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The^fog was so thick and heavy that nothing could be seen even at a distance 
of 100 yards. The visibility only improved from 9-30 a.m. when the convection 
currents were strong enough to raise and disperse the heavy fog. The weak south- 
westerly breeze which re-started at about 9 a.m. improved the visibility in the south 
and south-west directions earlier than in other directions. From 9-30 a.m. there 
was a rapid improvement of visibility in all directions. The lateness of the hour 
of improvement was due to the fact that it commenced only with the mixing of the 
upper fair with the ground air. 

The most peculiar phenomenon on this day was the reversal of the usual altitude 
effect. Except in the case of objects towards the north-north-east, the visibility of 
the higher objects improved earlier than that of the lower objects in the same direction. 
It should be remembered that the place of observation was the top of a tower. 

Notes on visibility on 19th January, 1940 . 

0800 hrs. — -Very heavy fog in all directions. From the tower of the Obser- 
vatory nothing can be seen even m the compound of the office. 
There is a mild south-westerly breeze of about 2 miles per hour. 

0900 hra. — Heavy fog in all directions. However, the condition is steadily 
improving and now one can see easily the traffic on the road near 
the office. 

0920 hrs. — Mach improvement in the situation. Haze and fog boundary has 
been lifted high in the atmosphere. Nearer hills in the south-west 
directions are now seen. 

0930 hrs. — The appearance is unusual. Haze boundary is seen clearly lying 
below the hill tops and the higher altitude hills stand out clear while 
the lower altitude hills are poorly seen. This is particularly marked 
towards Sinhagad (south-south-west.) 

0945 hrs. — Haze boundary near the bases of the hills, instead of rising up by 
convection is sinking down. 

1030 hrs.— Good visibility in all directions. 

Observations were taken on many other days, but the general results are similar 
to those found on one or other of the days discussed above. 

PART JL 

Diurnal variation of visibility at Poona compared with that at Fort Purandhar. 

r It has been stated above that the minimum of visibility at Poona for such objects 
as distant hills during the winter months occurs most frequently between 0800 
and 0900 hrs. By 0900 hrs. thermal convection raises up the ground-fog and 
haze to about half a kilometer above the ground. It may be expected that 
if observations are taken from a higher level in the atmosphere, horizontal 
visibility would show marked decrease only some time after the decrease near the 
surface, because it would take more time to raise the surface dust and haze by 
eddy diffusion to greater heights in the atmosphere. 

In order to examine this, a series of visibility observations were taken by the 
author from two positions at different heights in the cold season of 1936-1937 and 
are given here. The observations were taken with the help of a Wigand meter. 
The' two places of observation were Poona and Fort Purandhar 19 miles to the south- 
south-east of Poona and 4,560 feet above sea level, i.e. } 2,710 feet above Poona. 
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The choice of visibility landmarks at Poona was a little different from those 
given m the first part. They were only four m number. Their azimuths and distan- 
ces are given m Table III and are also shown in Fig. 6 . 

Table III. 


Visibility landmarks at Poona . 


Object. 

A 'i mu Hi. 

Distance 
in Km. ' 

Height (above 
the place of 
observation 
m nieters). 

Description. 

1 

115° 

33 6 

275 

Top of a lull. 

2 

08° 

18-1 

76 

Top of Barometer Hill. 

3 

207° 

22*4 

610 

Corner of flat top of Smliagad. 

4 

307° 

36 0 

45S 

Top of a lull. 


The place of observation at Poona was the tower of the Meteorological Office. 
The visibility objects chosen at Fort Purandhar are shown in Fig. 7 and Table IV. The 
place of observation there was the highest peak, Kedareskwar Peak, whose height 
is 4,500 feet above sea level The observations at Fort Purandhar and Poona were 
Liken on four successive days, two days of observation at Fort Purandhar coming 
in between the days of observation at Poona. The days were all clear and very 
similar as regards the character of the weather. 

Table IV. 

Visibility landmarks at Fort Purandhar . 


Object, 

| 

Arunnth. 

Disiancc 
in Km. 

Height (below 
the place of 
observation 
in meters). 

Description. 

3 

295° 

25*6 

—168 

Corner of fiat top of Sinhagad. 

4 

310° 

50-4 

—473 

Top of a hill. 

5 

340° 

40*8 

—702 

Top of a hill. 

6 

2° 

36*0 

—702 

Top of a hill. 

7 

35° 

16*0 

—473 

Top of a hill. 

S 

' 100° 

12*8 

—625 

Top of a hill. 


The results of the observations at Poona on 4th February, 1937 and on 7th 
February, 1937 are shown in Figures 8 and 9 respectively. On both days the visi- 
bility of objects 1 and 2 (hills to east-south-east and east-north-east of Poona 
respectively) showed a decrease after sunrise, reached a minimum at 0800 to 0900 
hrs. and showed a rapid improvement after 0900 hrs. The objects towards the 
south-west and north-west did not show much change during the day. The curves 
of variation of visibility at Purandhar had a family resemblance to those at 
Poona but the minimum of visibility was reached at about 1100 hrs. and improve- 
ment began only after about 1300 hrs. (except in the case of object 4 on the 6th). 
It seems el ar that the minimum of visibility in a horizontal direction is reached 
about 2 to 3 hours later as seen from Purandhar than as seen from Poona. 
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Comparing for instance the change of visibility of an object in the south- 
easterly direction at Poona with that of an object in the opposite direction (north- 
westerly) at Purandhar, the deterioration of visibility at the former place begins at 
0730 hrs. while m the latter place it begins only at 10 JO hrs. Using the relation— - 

Z 2 2 — Zy=lk (t 2 — t x ) 

where t 2 — t x is the time required for the haze to rise from a height Z L to a height 
Z 2 and k is the coefficient of eddy diffusion, we can easily make, an approxi- 
mate estimate of k. 

Assuming Z x to be mean of the heights of the place of observation at 
Poona and of the visibility landmark to the south-east, both heights being 

measured above the general level of Poona, =600 ft. above Poona 

2 

level and similarly Z 2 , the mean of the heights of Purandhar and of the visi- 
bility landmark to its north-west ft. above Poona level and 


t 2 — t x = 2*5 hrs. = 2-5 X 60x60 sec. 
k ==( 193Q2 - ~" - GQQ2) X 30-48 2 =8-9 X 10* cm. 2 /sec. 

uOUO 

It has been assumed in the above that the eddy diffusion spread upward from the 
general ground level at Poona, i.e. 9 1,850 ft. above sea level. 

From the variation of wind with height during the period February to April 
at Agra between the heights 22 meters and 330 meters above ground, Barkat 
Ali 3 found k to be 3*9 x lO 4 cm. 2 /sec. at 1000 hrs. and 1 1 *()X 10 4 em. 2 /seo. at 1301) hrs. 
Barkat Ah also determined k on days when a changed wind-direction showed itself 
in the morning pilot balloon trajectory withm the first 1 or 2 km, above ground, 
using for this purpose the time at which the upper wind direction began to appear 
in the Dines wind chart. In this manner, Barkat Ali found a mean value of 
k=2*25xl0 5 cm. 2 /sec. He however points out that a sharp change of wind direc- 
tion in the first 1 or 2 km. usually occurs in disturbed weather. The agreement 
in the values obtained by different methods in the two places can be considered 
satisfactory. 

The thanks of the author are due to Dr. K. ft. Ramanathan under whose direc- 
tion the above work was carried out. 
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A comparison oi Cherat surface observations oi temperature and humidity at 0800 
Ins. L.T. with aeroplane observations over the Peshawar plain at the same 
level. 

BY 

K, L. Bhaka. 

(Received on 4th November 1940 and in revised form m 19th July 1941.) 

Abstruci , — The paper d%ais with, the comparison of dry-bulb and wt't-buib temperatures and the 
derived quantities, relative humidities and tapour pressures recorded over a mountain station (Cherat) 
in the region of Peshawar with the free air valuevS at the same level obtained from aeroplane flights in 
the neighbourhood* Mean monthly &nd annual differences have been given and it has been showh 
that the mountain is cooler than the free air, the mean annual difference being 2*7°F. The wet-bulb 
temperatures over mountain are higher during November to April and lower during May to October, 
the mean annual difference being (h 3°F* The relative and the absolute humidities are generally higher 
over the mountain An analysis of the dry-bulb differences according to season, cloudiness, wind 
direction and speed has also been given. The results may be useful m estimating free air conditions 
from mountain observations when aeroplane or balloon observations are not available* 

Introduction. 

Observations made at mountain observatories are useful because they can give 
some idea of the free air conditions at the same levels, which is important for under- 
standing the physical processes in the lower levels of the atmosphere. As, however, 
mountain observations do not exactly represent free air conditions, it is necessary 
to determine the corrections that are necessary to make them yield free air values 
with a reasonable degree of accuracy. This can be done by comparing the observa- 
tions of some representative mountain station with more or less simultaneous free 
air observations at the same level over a station slightly away from the mountain. 
Such comparisons have been made in other countries with useful results. This note 
summarises the results of a similar comparison made of Cherat temperatures and 
humidities with free air temperatures and humidities at the same height available 
from aeroplane observations over Peshawar and Risalpur, 

Orography. 

Cherat Observatory (Lat. 33° 50* N., Long. 72° 01' E.) is situated at a height of 
4272 feet (i *3 Ejns.) at the eastern end of a range of hills running west to east 
enclosing the southern side of the valley of the Kabul river after it enters the 
Indian Frontier. The range has an abrupt slope both on the north and the south 
and slightly inereases in height from wejfc to east. Peshawar (Lat. 34° 00* N., Long. 
^43DGob ' 11 
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71° 37' E.) and Risalpur (Lat. 34° 03' N., Long. 72° 00' E.) are situated in tlie Kabul 
river valley at a distance of 27 miles apart and 24 and 18 miles respectively from 
Cherat. 

Observations. 

The dry-and wet-bulb temperatures at Cberat wore obtained from thermometers 
exposed in a Stevenson screen while free air temperatures were obtained from a 
strut psychrometer carried on an aeroplane. The psychrometer readings were 
taken to the nearest degree Fahrenheit and the Cherat readings were also rounded 
off to the nearest degree for the purposes of study However, the mean tempera- 
ture differences have been given to the first place of decimal 

Lat i. 

Observations at Cherat were recorded at 0800 hrs. local time (0842 hrs. I.8.T.) 
daily, but the aeroplane flights at Peshawar and Risalpur were not made daily or at 
any fixed time. Therefore, for comparison only those days on which aeroplane 
observations were available within half an hour of the time of morning observations 
at Cherat were considered. The ascent or the descent readings whichever were 
nearest to 0800 hrs. L/T. were used. Free air values at 1*3 km. a.s.l. were 
obtained by interpolation from aeroplane readings taken at every 1 ,000 feet altimeter 
level (altimeter correction for temperature being applied) and these were compared 
with the Cherat observations, the period considered being the six years 1933 to 
1938. 

Results. 


Dry-Bulb Temperature , — The mean monthly differences (free air minus 
mountain temperature) are given in Table I below and the frequency distribution 
of the differences for the four seasons of the year is shown in Big, L 



. . D 8' differences 4 

F15.I. Free air (P) minus mountain (C) 


DRY- BULB TEMPERATURES.^ 
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Table I. 

Free Air (Peslumar) minus Mountain {Ghemt) temperature °F. 


1 

u 

03 

§ 

« 

E 

•S 

PH 

4 

u 

S 

April 

£ 

8 

June. 

July. 

August. 

September, 

October. 

November 

December. 

Year. 

Means 

4* (5 

3*9 

3*7 

2*0 

2*1 

0*0 

1*0 

1*5 

1*8 

3*9 

3*6 

3*4 

2*7 

No. of Observations 

i 

27 

35 

43 

37 

39 

30 

36 

32 

43 

54 

36 

37 

449 


It is seen fcliat. eacli of t»3ie frequency curves has a sharp peak indicating that th e 
differences are mainly and closely distributed around the mean value and that larg© 
deviations from this value are infrequent. Considering the year as a whole mountain 
temperature is 2*7°F. lower than free air temperature at the same height. 
The mean difference shows a seasonal variation. It is about 3*8°F. during October 
to March which is the drier half of the year as judged from the water content of the 
air and 1 • 5°F. during April to September which is the moist half of the year. The 
difference is maximum (4‘6°F.) m January and is minimum (0°F.) in June. 

The main result is that mountain temperature is lower than free air temperature 
at the same level particularly in the non monsoon montlis , and this agrees with the 
results obtained in other countries quoted by Gold 1 in " International Kite and 
Balloon ascents and summarised in Table II below. 

Table II. 


Station. 

Height (meters). 

1 

Mean difference 

Brocken 

.. 


» % 

• • 

1140 

1*6 

Ben Nevis 

. . 

. . 


.. 

1343 

4*7 

Zugspitze 

<• 

.. 

** 

*• 

2965 

2*9 


Harwood 2 compared Simla 0800 hrs. local tune surface temperature with the 
free air temperature at the same time of the day over Agra and found the hill 
station to be warmer. He remarked that this result was opposed to that obtained 
in Europe and that in view of the large distance between the two stations much 
weight could not be attached to the results. 

The lower mountain temperature m the morning hours as compared to. free 
air temperature at the same height is apparently due to the greater radiational 
cooling of the mountain and hence of the air in its neighbourhood. The seasonal 
variation in the difference between mountain and free air temperature may be due 
to the varying amount of insolation due to the greater interval between sunrise and 
the time of morning observations in summer than in winter. Greater insolation 
would have the effect of reducing the positive difference between free air and 
mountain temperature and if sufficiently active may even make the difference 
negative. The differences were actually negative on 60 occasions as shown by the 
frequency curves. 
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It is to be expected that the difference between free air and mountain tempera- 
ture would depend on wind direction and speed, cloudiness, etc. Table III give 
the mean values of the differences analysed according to seasons with regard to (1) 
wind direction, (2) wind speed and (3) cloud amount (low and medium clouds only) 
at Cherat at the time of observations. Occasions when sky was not discernible due 
to fog, dust, etc., have not been taken into account. 

Table III. 


Free Air ( Peshawar ) minus Mountain ( Cherat ) temperature °F. 


N. Cloud amount 

\ (tenths). 

Wind speed 
(Beaufort scale). x. 

NW to NE 

SIS to SW 

0—3 

4—7 

8—10 

Mean 

0 — 3 

4—7 

8—10 

Mean 

December — March. 

1 — 3 .. 

>3 .. 

3- 7 (no 

4- 2 ($«) 

2*8 ( o ) 

4*1 (13) 

3-7(11) 

1-9 ( 2 ) 

3*5(J5) 

3*9 (81) 

4*0 (4) 

5*2 (5) 

3-2 (S ) 

-1-0(7) 

4-1(74) 

-1-0(7) 

Mean .. 

4*1 (75) 

3-5(22) 

2-0(25) 

3‘ 8(117) 




■ 

April — Juno. 

1 — 3 ~ 

>3 .. 

0*7 (28) 

2 *6 (27) 

2-0 (3) 

2-X (7) 

2-5 (4) 

2-7 W 

1*1 (35) 

2*5(45) 

1- 4(72) 

2- 0 (7) 

0*2 ( 5 ) 

—4-5(2) 

2-5 ( 2 ) 

0*5(29) 

2*3 (5) 

Mean * . 

1*6(55) 

I 2 * 1 (io) 

2*6 (10) 

1*8(75) 

1 * 5 ( 13) 

0*2 (6) 

—1-0(4) 

0*7 (23) 

July — September. 

1 — 3 * • .. 

>3 .. 

0-7 (24) 

3-6 ( 5 ) 

0-6 (5) 

0-0 (i) 

\ 

3-0 ( l ) 

- 1 - 0 ( 7 ) 

0 * 8 (30) 

2*4(7) 

1*2(27) 

1-5 (5) 

—0*7(5) 

1*1(59) 

Mean . . 

1*2(29) 

0*5 ( 5 ) 

1-0 ( 2 ) 

1 * 1 (37) 

1*2(27) 

1-5 («) 

— 0 * 7 (3) 

1 * 1 (36) 

October — November. 

1—3 

>3 

3- 2(23) 

4- 0(27) 

4-5 ( 2 ) 

3-0 (i) 

3-0 (3) 

— 3 * 0 (i) 

3*3(25) 

3*7(29) 

4-7(77) 

3-0 ( 7 ) 

1-0 (7) 

4-4(72) 

3-0 (7) 

Mean 

3*6(55) 

4-0 ( 2 ) 

1-5 (4) 

3*5(57) 

4-7(77) 

y,r 

3-0 ( 7 ) 

1-0 (7) 

4-3(7 
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Calm . 


Cloudiness (tenths) 

0—3 

! 

4—7 

8—10 

Mean 

December — March 

. . 

I 

, . 

1 0 

(O 1 

l-o ( J) 

April — J une 

.. 

2-0 {3 ) 

.. 

0 5 

<*> 

1-4 (5) 

July — September 

.. 

2-9 (io) 

.. 

2 0 

(1) i 

2-8 ( a ) 

October — November 

•• 

4-0 (7) 

5*5 (2) 

1 7*0 

(7) 

4-6 (io) 


(Figaros in bracket indicate number of observations.) 


It is seen that in clear or lightly clouded we vbhe ' the positive difference in- 
crease: with the wind speed. There does not appear to be any other marked 
regularity. 

Wet-Bulb Temperature, Relative Humidity and Vapour Pressure . — Wet-bulb 
temperature anl the derived quantities, relative humidity and vapour pressure at 
Cherat were also compared with the free air values at the same level in the same 
manner as dry-bulb temperature. The frequency distributions of the differences 
are given in Figure 2 , and the mean monthly differences are given in Table IV and 
represented* graphically in Figure 3 , where the dry-bulb differences are also shown 
for comparison. 


30 


•s 

<9 

<*20 

V 

o 

t. 

* 10 

■'0 

$ 


0 

W-B. differences 

Fit). 2. Free air (P) minus mountain (c) 

WET-BULB TEMPERATURES*/ 



i * i im-ua-L. 

-io a o +IO*F 
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Fkj. 3. Free sir (Peshawar) minus mountain (Cherat) 
Mean differences. 

Tablb IV. 


Free Air (Peshawar) minus Mountain (Gherat) Wet-Bulb temperature, Relative 
Humidity , and Vtljnur Pressure, 


Month. 

Wot«bult>, 

°F 

Relative 

Humidity. 

% 

Vapour 

Pressure. 

in. 

No. of 

Ola orva* 
tioiiH, 

January 





.. 

2*3 

—10 

— 000 

22 

February 






2*4 

—5 

+ 009 

34 

March 






1*3 

—11 

— 016 

39 

April . . 






0*7 

— 4 

— 003 

34 

May . . 






—0*7 

—8 

— 047 

33 

June . . 






— 2*2 

—5 

— 067 

27 

July .. 






— 0*8 

— 7 

— 047 

35 

August 






— 1*1 

—9 

— 054 

28 

September 






— 1*1 

—10 

— 056 

39 

October 






— 0*2 

—12 

— 045 

46 

November 






— 1*8 

— 6 

— 001 

32 

December 






1*1 

— 9 

— on 

35 

Year .. 





.. 

0*3 

— 8 

— 029 

404 


In the average of the year, there is practically no difference between free air 
and mountain wet-bulb temperatures but the monthly mean differences* show that 
during November to April mountain wet-bulb temperatures are lower than free air 


*A very small- part of tins difference is due to the fact that the wet-bulb thermometer in the aero- 
plane is more ventilated than that at Cheraf which is p&oed^in a Stevenson screen. 
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wet-bulb temperatures while during May to October they are higher. The monthly 
variation of the differences follows the same trend as that of the dry-bulb. The 
highest positive difference (2*4°F.) is in February and the negative (-2*2°F.) in 
June. 

Relative humidity over Cherat is always higher than that in the free air at the 
same level but the differences are small and the annual mean difference is only about 
8 per cent. 

Vapour pressure ovor Cherat is in general higher than in the free air at the same 
level. During November to April, which is the drier half of the year, the differences 
are small, varying between + * 009" and — *016" while during May to October which 
is the more moist part of the year the differences are well marked, ranging from 
— 045" to — 067". The largest difference is in June. 

Conclusions. 

The conclusions that can bo drawn from the paper are that in the region of 
Peshawar at 8 a.m. 

(1) A correction of +4°F. to the mountain temperature is necessary during 

October to March and of +1 *5°F. during April to September to obtain 
the free air temperature at the same level. 

(2) The mountain wet-bulb temperature is lower than the free air wet-bulb 

temperature during November to April by 1*5°F. and higher during 
May to October by 1°F. 

(3) The relative humidify over the mountain is higher than that in the free 

air in all months of the year. It docs not show any marked regular 
changes from month to month and the annual mean difference is 
only 8 per cent. 

(4) The vapour pres um ovor the mountain is generally higher than in the 

free air. The difference is negligible during the months November 
to April and is about -05 in. during the rest of the year. 

My grateful thanks are due to Mr. P. R. Krishna Rao for his kind guidance. 
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Abstract - 


-The paper contain'! detailed statistics of inversions and isothermal layers in «.« w 
atmosphere over south India up to a height of 10 gkm. above sea level in different months and ZL 
A closer study has been made of the comparatively marked inversions at various heights m the d * 
ent months, and tentative e-cphimitions with regard to their origin suggested as far as possible iTt 
summary of the mam features of the ground inversions at Poona as revealed by the records of the M 
graphs at two different heights has also been added. An examination of the pilot balloon traieetS 
has shown that the levels of temperature disturbances are usually associated with *„ . 

lions m the wind direction or velocity or both. " transi- 

INTRODUCTION. 


An examination of the thermal structure of the upper atmosphere over any one 
station would show that the lapse of temperature with height is by no means uniform 
throughout the troposphere and that sudden changes of lapse-rates, often marking 
out isothermal or inversion layers of small depth, occur frequently at different levels' 
These regions of abnormal lapse-rates or “ disturbance layers ” are generally more 
frequent in the lower half of the troposphere than in the upper half” The heights 
at which marked changes in lapse-rates occur, and also those of marked 
inversions and isothermal layers, are included as a routine in the soun din g 
balloon data published by the India Meteorological Department in the Upper 
Air Data, Part B (Part 14, prior to 1936). The object of the present paper 
is to collect together the information in a systematic manner and to study in some 
detail the characteristics of the disturbance layers over south India, as revealed bv 
the soundings at Poona and Hyderabad m the north and at Madras and Bangalore 
in the south. 


The mean as well as the most frequent heights of these layers in different months 
and seasons have been determined, and tentative explanations of the occurrence 
of the more important amongst them suggested, whenever possible. 

M55DGK>b 19 
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In order to determine accurately the height of base and the thickness of these 
layers, and also the temperature difference between the top and bottom of each 
individual layer, the press are-temperature (log p, log T) diagram relating to each 
ascent was scrutinised afresh, and the dat i tabulated systematically from day to 
day. For the purpose of this study, data as given by ascents in the evening between 
1630 and 1830 hrs. L S. T. only — the usual hours of sounding balloon ascents in 
India — have been utilised. 

With a view to ensure recovery of instruments, upper air soundings in the north 
of the Peninsula during the monson months June to October were carried out mostly 
at Hyderabad (Lat. 17° 26' N, Long. 78° 27' B) instead of at Poona (Lat. 18° 32' N 
Long. 73° 51' B) where soundings during the remaining months were made. Tables 
relating to the north Peninsula are therefore based on the combined data of Poona 
and Hyderabad. Similarly, the tables for the south Peninsula relate to data collected 
at Madras (Lat. 13° 04' N, Long. 80 J 15' B) and Bangalore (Lat. 12° 58' N, Long. 
77° 35' E), the soundings having usually been made at the former station during 
June to November and at the latter during December to May. 

Main features of the distribution with Height of disturbance layers over south 
India. — The following table shows the distribution with height of isothermal and 
inversion layers at various levels between 1 and 10 gkm. above sea level, based on 
data of 161 ascents at Poona and Hyderabad. Owing to the blur caused by the jerks 
which the meteorographs receive on lauding, the greater part of the sounding 
balloon record in the lowest half kilometre above ground, that is, up to about 1 km. 
above sea level m the case of Poona — Hyderabad, is often lost, and data up to 1 gkm. 
have therefore been omitted from the discussion. Ground inversions in the evening 
are however a common feature, especially during the winter months, as can be seen 
from the records at Poona of a thermograph near the ground and another installed 
on the tower of the observatory about 120 ft. high. A brief account of the main 
features of these inversions is added in a later paragraph. 


Table 1(a). 

Distribution of isotherm r i) and inversion layers at various levels above 

Poona- Hyderabad. 


Height in gkm 

! 

1—2 ' 

* 

2—3 

3—4 

; 

4—5 

5*— 5 

i 

6—7 

7—8 

8—9 

9—10 

Total 

number 

of 

sound- 

ings. 

Number of inversions 
and isothermal layers. , 

15 

. 

63 

53 

52 

37 

26 

22 

17 

15 # 

161 


The table above shows that the disturbance layers are most frequent at 2-3 gkm 
level, and that the frequency decreases gradually as we go to higher levels. The large 
and sudden faH in frequency at the next lower level, 1-2 gkm,, is noteworthy. Fea- 
tures similar to the above have been noticed by Chang Wang Tu * in his analysis 
of the distribution of inversions with height over Nanking and Peiping. 

Table I (b) gives similar information relating to the south of the Peninsula, as 
gathered from 155 soundings at Madras and Bangalore. 


*€hang Wang Tu,— Mem, Nat. Res. Inst. Met. Acad. Sinica. 12, No. 2. 
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Table I (6). 

Distribution of isothermal and inversion layers at various heights above 

Madras-Bangalore. 


Height in gkm 

1—2 

2—3 

3—4 

4—5 

5—6 

6—7 

7—8 

8—9 

9—10 

Total 
number of 
soundings. 

Number of isothermal 
and inversion layers. 

37 

59 

55 

44 

44 

28 

17 

13 

4 

155 


It is seen from fcbe table that, taking the year as a whole, the disturbance layers, 
over the south Peninsula also are most frequent at 2-3 gkm level and that the fre- 
quency decreases progressively with height, the number being only 4 out of 155 at 
the topmost or 9-10 gkm,. level. The frequency at the lowest, i.e. y 1-2 gkm. level is, 
however, much greater in this case than over the north Peninsula. 

PART A. 

Monthly ‘mean frequencies of occurrence, mean depths and other details relating 
to disturbance layers over the north Peninsula. — Table II (a) gives the percentage 
frequencies of occurrence in different months of isothermal and inversion layers above 
Poona-Hyderabad at various levels, in steps of 1 gkm,, up to a height of 10 gkm. 
above sea level. The disturbance layers are found to be most frequent between 2 and 
3 gkm. during the months November to January. The frequency at this level 
decreases abruptly in February, when it is only 9 per cent, as against 62 per cent 
in the previous month. The level of maximum frequency is at a height of 5 to 6 
gkm, during February to April, but lowers gradually again to 4-5 gkm. during May 
to July, and 3-4 gkm. in August. In September, the frequency of occurrence no 
where exceeds 30 per-cent, and is the same at all heights between 2 and 6 gkm. The 
disturbance layers are quite frequent in October between 2 and 4 gkm., the maxi- 
mum of 63 per cent occurring at the 2-3 gkm. level 

In Table III (a) are given the monthly mean values of the depth in metres of 
the disturbance layers at various levels over the north Peninsula, while Table IV (a) 
shows the mean temperature difference between the top and bottom of these layers 
at each level The mean heights of the base of the disturbance layers and the mean 
temperatures v at those heights are given in Tables V (a) and VI (a) respectively. 
It should be noted that the mean values as given in all these tables are the averages 
based on the number of occasions on which isothermal or inversion layers occurred 
at the various levels, and not on the total number of soundings at these heights. 
In order therefore to judge the quantitative influence of the disturbance layers on 
tie mean lapse-rates at different levels it is necessary that tjie values as given in 
Tables III (a) ami IV (a) should be considered with due regard to the frequency 
values in Table II (a). For instance, an examination of the tables shows that the 
disturbance layers which occur at the 2-3 gkm level on 56 to 77 per cent, occasions 
during the months November to January have a mean thickness of about 0*3 gkm., 
with the temperature increasing by about 1°C from the bottom to the top, instead, of 
falling by about 1 * 5 to 2°0 according to the usual lapse-rate. The presence of the 
disturbance layers at this level during the above months thus produces a marked 
effect on the thermal structure of the atmosphere between 2 and 3 gkim On the 
other hand, although the mean tliicknesji of the disturbance layer, when this happens 
to be present at the 6-7 gkm. level in December, is as much as 496 metres, its effect, 
on the mean, on the vertical temperature distribution between 6 and 7 gkm. is ranch 
less pronounced than in the former case as such a disturbance layer is noticed in 
only 13 per cent, cases. 
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Table II (a). 

Percentage frequency of occurrence of disturbance layers at carious heights 

(Poona- II yderabad). 


Ns s. Height 

\(gkm) 

Months. 

1—2 

2 — 3 

3 — 4 

4—5 

5—6 

6—7 

7—8 

S— 9 

9—10 

January 

3 

62 

24 

28 

7 

17 

14 

10 

10 

February 

0 

9 

21 

29 

37 

29 

13 

18 

18 

March 

0 

9 

27 

36 

15 

9 

18 

36 

18 

April . . • 

15 

8 

15 

15 

31 

0 

8 

0 

15 

May 

21 

11 

5 

37 

28 

6 

18 

19 

0 

June 

0 

2 ° 

0 

60 

° 

0 

0 

0 

0 

July 

11 

11 

44 

44 

11 

22 

0 

0 

11 

August 

0 

30 

50 

30 

10 

10 

20 

10 

0 

September . . 

0 

25 

30 

30 

30 

10 

25 

5 

5 

October 

6 

63 

56 

31 

0 

19 

0 

0 

6 

November , . 

31 

77 

38 

11 

23 

11 

17 

8 

0 

December 

13 

56 

37 

6 

6 

13 

0 

0 

7 


Table IJI (a). 

Mean depth in metres of disturbance layers with base at various levels. 


\ Height 
X. (gkm) 

Months/^^x 

1—2 

2—3 

3—4 

4 — 5 

5—6 

6—7 

7 — 8 

8—9 

9—10 

January 

220 

260 

190 

280 

250 



290 

430 

February 

-* , 

270 

250 

200 

190 

240 


250 

240 

March 

•* 

120 

240 

370 

200 



190 

110 

April 


30 

220 

190 

290 

* . 

. . 


190 

May 

■B 

330 

160 

270 

260 

220 

230 

210 

. . 

June 

.. 

300 


180 



* . 

* . 

* . 

* July 


110 

2X0 

370 

150 



. * 

360 

August 

•• 

170 

150 

240 

180 



170 

. . 

September . . 


250 

250 

250 

220 

210 


130 

110 

October 

150 

190 

170 

190 i 

, , 




70 

November . . ! 


350 

180 

250 

180 

160 


150 

; 


December * „ 

150 

370 

270 

190 

80 

490 

** 


110 
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Table IV (a). 

Mean rise of temperature (°C) from the base to l he top of the disturbance layers at 

various levels. 

Height • 

\(gkm) X — 2 2—3 3—4 4—5 5—6 6—7 7—8 8—9 9—: 


Months. 


February 


September 

October 

November 

December 


Table V (a). 

Mean height in gkm. of base of the {liskirhna.ee layers at various levels . 


Months. 


February 


September 

October 

November 

December 
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Table VI (a). 


Mean temperature {200° A -f- ) at the base of disturbance layers at different 

levels. 


Height 

\(gkm) 

Months. \ 

1 — 2 

a — 3 

3—4 

4 r — 5 

5—6 

6—7 

7—8 

00 

1 

CD 

9—10 

January 

89*0 

81*6 

78*6 

70-0 

63*7 

59*8 

48-9 

40 8 

35*7 

February 


79-7 

75*5 

69*3 

64*5 

61*2 

! 

50*5 

46*7 

42 4 

March 

* 

82*0 

73*6 

70*6 

65*0 

60 8 

51*5 

43-7 

36*1 

April 

94*6 

87*9 

76*1 

74*8 

67*3 

** 



4.05 

May 

92-3 

89*8 

82*0 

72 5 

68*4 

55*2 

56*6 

47*6 


June 


84*8 


76*2 

** 

*• 




July 

86*4 

88*6 

79*6 

72-15 

70*1 

64*3 



44*5 

August 


82*1 

76*7 

74 0 

7 J 5 

68 5 

62*0 

54*6 

** 

September 


84*1 

79 1 

74*1 

69 7 

62*3 

57*7 

51 9 

46*0 

October 

89*6 

84-6 

79*7 

74 7 


63*0 



41*2 

November . . 

89*6 

82*4 

77*8 

74-7 

65*1 

61*3 

57 7 

46*0 


December 

88 7 

81*2 

78*6 

70*0 

63*7 

59*8 

48*9 

40 8 

35*7 


Seasonal characteristics oi inversion and isothermal layers. — With a view to 
study the main characteristics of the disturbance layers in the different seasons, the 
figures in Tables II (a) to IV (a) have been grouped together under the three main 
seasons, winter (November to January), spring and summer (February to May) 
and southwest monsoon (June to October). These seasonal averages together with 
the annual means are shown in Tables VII (a) to IX (a). The above division differs 
romowlud from the one adopted usually, and particularly m that the month of Feb- 
ruary has been grouped under spring and summer and not under winter. The 
reason why this has been done is that from the point of view of frequency distribution 
as shown in Table II (a) the month of February appears to show characteristics more 
akin to those of March to May than to those of the cold season, November to 
January. 
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Table VII (a). 

Seasonal and annual means of the percentage frequency of disturbance layers at 
various beds (Poona-11 yderahad). 


v v Height 
""Wgkm) 

Seasons. 

1 — 2 

2—3 

t 

3—4 

4—5 

5—6 

! 

6—7 

; 7—s 

8—9 

9—10 

Winter (Nov. 
to Jan.). 

12 

64 

31 

19 

10 

16 

11 

1 7 

7 

Spring and 

Summer 
(Feb to 

May). 

9 

9 

16 

30 

35 

! 

14 

14 

18 

13 

Southwest mon- 
soon (June 
to Oct.) 

3 

33 

40 

35 

13 

13 

12 

3 

5 

Year 

S 

34 

29 

28 

20 

14 

12 

10 

8 


Table VTIT (a) 

Seasonal and annual means of the depth (metres) of disturbance ht/prs. 


\ Height | 
\(gkm) 

Seasons. N \ 

1—2 

2—3 

3—4 

4—5 

5—6 

6—7 

7—8 

8—9 

1 

; 

9—10 

Winter 

210 

310 

270 

270 

190 

400 | 

190 

260 

! 350 

Spring and 

Summer. 

170 

210 

240 

250 

220 

260 

1 

260 

220 

190 

Southwest mon- 
soon. 

450 

200 

190 

250 

210 

ISO 

! 

| 210 

| 150 

180 

Year 

220 

270 

230 

250 

220 

280 

220 

210 

230 


Table IX (a). 

Seasonal and annual means of the temperature difference (°C) between the base and the 

top of the disturbance layers . 


X. Height 
\i (gkm) 

Months, 

i 

| 1—2 

l 

2—3 

3—4 

4 -* — 5 

5 - — 6 

6—7 

7—8 

8—9 

9—10 

Winter 

0-6 

1*0 

1 1*1 

0*8 

0*2 

0*4 

0*2 

0*5 

; 0*3 

Spring and 
Summar. 

0*5 

1*0 

0*6 

0*8 

0*7 

0*4 

0*3 

0*1 

; 

0*5 

Southwest mon- 
soon. 

0*3 

■ 

0*6 

0*6 

0*4 

0*3 

0*1 

! 0*2 

0*8 

0*9 

Year 

0-5 

0*9 

0*7 

0*6 

0*5 

0*3 

0*3 

0*3 

0*5 
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An examination of the above tables shows that the frequency of isothermal or 
inversion layers during the winter months has a pronounced maximum at 2-3 gkm 
level with a weak secondary maximum between 6 and 7 gkm The lower disturbance 
layer is about 0*3 gkm thick on the average, and shows a counter lapse of tempera- 
ture of about S°C/ gkm. The mean thickness of the upper disturbance layer is about 
0*4 gkm but the inversion of temperature in this layer is less marked, the inverted 
lapse-rate being only about l°C/gkm. During February to May, the frequency dis- 
tribution with height shows a rather flat maximum between 4 and 6 gkm, with an 
indication of a probable secondary maximum at 8-9 gkm level. The inversion is 
again found to be more marked m the lower disturbance layer where the rate of tem- 
perature increase is about 3°C/gkm. The upper disturbance layer, on the mean, 
&iiows an isothermal structure and the mean thickness of both disturbance layers is 
about 0*25 gkm. During the monsoon season, June to October, the frequencies 
at all the three levels between 2 and 5 gkm are very nearly the same, viz., between 
33 and 40 per cent., with just an indication of a slight maximum of 40 per cent at 
the 3-4 gkm level. A secondary maximum at a higher level is not noticeable in 
this season. Distrubance layers of the monsoon months are in most cases less deep 
than in the other two seasons The inversion of temperature is also generally less 
marked except between 8 and 10 gkm where inversions, although they occur very 
infrequently and extend over a comparatively shallow layer, are quite well pro- 
nounced when they happen to be present. 

The vertical course of the mean magnitude of the temperature reversal, as indi- 
cated in Table IX ( a }, shows that, on the annual mean, it is maximum at 2-3 gkm 
Wei, the mean value ar this level being 0*9°C as against 0*5°C at 1-2 gkm, decreas- 
ing gradually to 0*3°C at 8-9 gkm. A slight rise is noticed at the topmost levrt 
where the mean magnitude of the temperature reversal is 0*5°C as compared with 
0*3°C at the next lower level. An examination of the seasonal values further shows 
that up to a height of 5 gkm the maximum temperature reversal occurs in the winter 
months. At higher levels, viz., between 5 and 8 gkm, the maximum is seen to occur 
during the period February to May, while at still higher levels, that is, between 8 
and 10 gkm, the mean rise m termperature is highest during the monsoon season. 
Again, Table VIII {a) shows that as in the case of temperature reversal, the 
vertical extent or the depth of the disturbance layer has a tendency to decrease 
with elevation. The fall is, however, not so regular as in the former case, and 
two maxima are noticeable, one at 2-3 gkm and the other at 6-7 gkm level. 
These characteristics are very similar m their mam features to those found bv 
Peppier* from an examination of the kite data of the Lindenbcrg observatory up 
to a height of about 4500 m. 

Disturbance layers with inversion of temperature of 1*5° or more.— In Table 
X {a} below are given the frequencies of inversions of 1*5° or more at, various levels 
above Poona -Hyderabad m different months of the year. Of the 47 such inversions 
37 showed a temperature rise of 1 * 5° to 2 * 9°, 8 of 3° to 4 * 9° and 2 only of 5° or more, 
showing that conditions for the development of inversions with a large increase of 
temperature with height are rarely fulfilled in the troposphere. The mean thickness 
of the inversion layers of the three different groups is found to be 0*28, 0*21 and 
0-12 gkm respectively, which shows that the more pronounced the inversion the 
less usually is its vertical extent. 


*W, Peppier,— Beitr. Pkys. frei. Atmos. 11. Pt. 8. 
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Table X (a). 

Inversions of 1 * o°C or more — [Poona- Hyderabad). 



6 gkm. A complete absence of such inversions between 1 and 2 gkm. is noteworthy. 
The table further shows that inversions of this kind up to a height of 4 gkm occur 
mostly during the winter months, November to January, are present on a few occa- 
sions m October but are rare during the other months. From an examination of the 
cloud data at the time of ascents which showed marked inversions at these lower 
heights, it is seen that m the majority of cases the sky was clear, or if some cloud 
was present, it was generally at a level far removed from that of the inversion layer 
For example, out of the 20 cases in which an inversion of 1*5° or more was present 
at the 2-3 gkm level, sky was practically clear in 13 instances, cumulus of small 
amount with or without other clouds was present on 5 occasions and cirrus (amount 1 
or 2) m the remaining two cases. It would thus appear that inversions in the lower 
levels during winter months over Poona-Hyderabacl cannot m most cases be explain- 
ed as being due to the presence of cloud layer. Preponderance of clear skies would 
also suggest that in the majority of cases the inversions are not the result of a warm 
humid air mass over-running colder air. Again the complete absence of such in- 
versions at 1-2 gkm level and the fact that some of the ascents carried out during mid- 
day also reveal the existence of inversions at these heights show that these cannot be 
accounted for merely by the effect of ground cooling by radiation. 

' In his paper on “ The thermal layering of the atmosphere ”, Peppier has stated 
that in winter, when anticyclones prevail, the simultaneous cooling by radiation of 
the lower air mass and the dynamical warming of the upper air by subsidence play 

MSSDG(Ofe) 
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the greatest role m the formation *of strong inversions. It is thought that marked 
inversions above Poona in winter months, particularly those at 2-4 gkm levels, have 
a more or less similar origin Poona is situated in the peripheral regions of the aula- 
cyclone which prevails m this season over the central parts of India. The lower cold 
layers of this permanent anticyclone form a relatively inactive mass, while the upper 
air layers sink and spread over the lower air. The descending ant ley clonk* move- 
ment of the air continues up to the top of the relatively stagnant air below, and at 
this height we have a temperature discontinuity between the lower cold air mass and 
the dynamically heated air above. A comparison of saturation potential tempera- 
tures at heights slightly above and below these inversions shows that the values in 
most cases are very nearly the same lending support to the hypothesis that inver- 
sions in this season develop mostly m one and the same air mass. February and 
March inversions at lower levels also probably have a similar origin. The reason 
why the inversions during this season form at higher levels than in the winter months 
is that the antieyclonic descent of the air is prevented from reaching lower heights 
by the greater convective activity m the lower layers. Of the 10 marked inversions 
which occurred at heights above 3 gkm during the period April to October, 7 were 
associated with cloudy weather. It is probable that April and May inversions form 
mainly at the top of the thunder clouds which develop occasionally in the afternoons 
and that the monsoon inversions, particulary those at heights of 4 to 0 gkm, originate 
at the boundary separating the fresh and cool monsoon air from the west form the 
comparatively warm old monsoon air from the east or the dry current of air from 
northwest India. 

Disturbance layers of depth 0*3 gkm. or more.— -Out of the total of 300 inver- 
sions or isothermal layers noticed above Poona-Hyderabad during the period under 
examination, 85 or 28 per cent, only had a depth of 0*3 gkm or more. The vertical 
distribution of these disturbance layers in different months is shown in Table XI (a). 

Table XI (a). 


Ihstnrbane • layers with vertical extent of 0*3 gkm or more (Poona-Hyderabad). 


\ Height 

(gkm). 

1—2 

2—3 

3—4 

4—5 

! 

5 — G 

6 — 7 

i 

7 -"8 

8-0 

<) -*!<> 

Seasons. x - 









i 

January 

0 

7 

2 

2 

1 

4 

0 

1 

2 

February 

0 

1 

0 

0 

2 

1 

2 

1 

0 

March 

0 

0 

1 

3 

0 

0 

0 

1 

0 

April 

0 

0 

1 

0 

1 

0 

0 

0 

0 

May 

1 

1 

0 

t 2 

2 

0 

I 

0 

0 

June 

0 

2 

0 

0 

0 

0 

0 

0 

0 

duly 

1 

0 

u 

2 

0 

0 

0 

0 

0 

August 

0 J 

0 

1 

0* 

0 

0 

0 

0 

0 

September , , 

1 

3 

2 

4 

2 

0 

1 

0 

0 

October 

0 

1 

3 

0 

0 

1 

0 

0 

0 

November 

0 

8 

3 

I 

0 

0 

1 

0 

0 

December . 

0 

5 

. 

1 

0 

0 

2 

0 

0 

0 

Year 

\ 

3 

28 J 

14 

14 

8 

8 

5 j 

3 

t 
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The table shows that, as in the case of inversions of 1*5° or more, those dis- 
turbance layers of large vertical extent are, on the annual mean, most frequent at 
2-3 gkm level and that the frequency falls off rather rapidly as we go to higher 
levels. 

Of the 87 disturbance laveis shown in the above table, 66 (76%) were 0*3 to 
0 * 5 gkm deep, 16 (18%) had a vertical extent of 0 * 5 to 0 * 7 gkm and 5 (6%) only were 
more than 0-75 gkm deep. All the 5 disturbances of pronounced depth were either 
isothermal or showed only a weak inversion. Also, while the mean magnitude of the 
temperature reversal in the case of the first group was 1°G, that of the second group 
(0 * 5 to 0 * 7 gkm deep) was 0 * 7°G only, showing that on the average, the greater the 
depth the less pronounced is the inversion. This is what is to be expected, for, it is 
at the time when an inversion first develops either at the boundary of two air masses 
or in the same homogeneous airmass and before mixing begins as a result of turbulence 
that the inversion is most pronounced The discontinuity at this moment is most 
sharp and the disturbance layer least deep. With the progress of time, mixing by 
turbulence tends to reduce the temperature difference between the air layers above 
and below and what was a. sharp discontinuity at the time of formation becomes, as 
the inversion becomes old, a diffused layer of finite thickness with a smaller contrast 
in temperature between the top and the bottom. 

The effect of disturbance layers on the observed mean temperature gradient. — 

The temperature gradient as deduced from the difference between the mean tempera- 
tures at any two successive levels is the resultant effect of a fall of temperature over 
the portion of the atmosphere m which the lapse of temperature obeys the normal law 
and a rise or uniformity of temperature over the portion occupied by the disturbance 
layer. The mean gradient as obtained from the temperature difference between two 
standard geo-kilometre levels does not, therefore, give one the correct lapse-rate in the 
region outside the disturbance layer. The latter quantity which, m other words, 
gives what the mean temperature decrease between the levels in question would be 
if no inversions or isothermal layers were present, can however, be calculated easily 
with the help of the data of mean frequencies, magnitudes of temperature reversal 
and depths of the disturbance layers as given in Tables II (a) to IV (a). The values 
have been calculated for three representative months, November, March and July 
and are given in Table XII (a). The figures m the rows marked (B) give the differences 
of inversionless and real temperature decrease for the same layers. 


Table XII (a). 

( Poom-Hydsrabad). 


Height (gkm). 

1—2 

2—3 

3—4 

4—5 

5-6 

6—7 

7—8 

8—9 

9—10 

(A) Calculated mean 
temperature gradient 
(°C/km) if no inver- 
sion of isothermal 
November layer was present. 

8*3 

7*3 

5*7 

6*2 

6*6 

6*2 

: 

7*3 

8*0 

7*9 

(B) Difference between 
(A) and the actual 
mean gradient. 

0*7 

2*7 

0 7 

0*3 

0*3 

0*1 

0*4 

0*2 

0*0 

(A) 

March. 

8*2 

10*3 

8*3 

6*2 

6*3 

6*0 

7*7 

7*5 

7*8 

(B) 

0*0 

0*1 

0*7 

1*6 

0*4 

0*3 

0-2 

0*5 

0*2 

(A) 

July, 

7*1 

5*5 

5*9 

6*9 

6*2 

5*0 

6*4 

7-5 

8*1 

(B) 

0*6 

0*1 

0*6 

1*2 

0*1 

0*2 

0*0 

0*0 

0*$ 
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The maximum difference amounting to 2-7° occurs in winter (November) at 
2-3 glrm level, and the difference decreases rapidly at higher levels. Tn March (repre- 
senting spr ing and summer) and in July (southwest monsoon season), the effect of 
the disturbance layers on the mean temperature gradient is most marked between 4 
and 5 gkm. 

Fig. 1 shows the mean height-temperature curves for Poona-Hyderabad for the 
three months March. July and November, the diagrams being drawn after giving 
due weight to the effect of the disturbance layers at each level. These cuives which 
reveal a laminated structure of the atmosphere with well expressed discontinuities 
show at a glance the relative importance of the disturbance layers at various levels 
and represent the thermal structure of the atmosphere in a greater detail than a 
height-temperature curve based on values at standard heights only. 

Ground inversions at Poona. — Surface inversions arising out of the radiational 
cooling of the ground are of daily occunenoe at Poona from evening till morning 
except in the monsoon season and are particularly well marked during the dry 
clear months, December to March. The table below summarises the mam features 
of the inversions, being based on a study of a year’s records of two thermographs, 
one at a height of 4 ft. above ground and the other on the top of the tower about 
120 ft. high. 

Table XTTI. 

Ground, inversions above Poona. 


Months. 

Jan. 

Feb 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

Frequency of inversions. . 

100 

100 

100 

100 

100 

80 

Nil 

Nil 

Nth 

97 

97 

100 

Mean time of commence- 
ment. 

1900 

hrs. 

1900 

hrs. 

si 

CM 

2100 

hrs. 

2230 

hrs. 

2300 

his. 


, 


: 1930 

1 Ill’s. 

1800 

hrs. 

1800 

hrs. 

Mean time of disappear- 
ance. 

0945 

hrs. 

0930 
hrs. j 

0900 

hrs. 

0830 

hrs. 

0830 

hrs. 

0700 

hrs. 

: ' 



0900 

hrs 

0900 

lira. 

0900 

hrs. 

Time of occurrence of 
strongest inversion. 

Mid- 

night. 

Mid- 

night. 

0400 

hrs. 

0500 

hrs. 

0600 

hrs 

0600 

hrs. 




0400 ! 
hrs. 

0200 

hrs. 

0200 

lire. 

Mean magnitude of the 
temperature reversal at 
the time o f strongest 
inversion. 

7 a F 

7°F 

7 Q F 

6°F 

• 

4°F 

! 

1 * 3°F 



* - 

4°F 

6*5°F 

8*F 

! 


The table shows that the duration of the inversions is the longest during the 
winter months and that, on the mean, the maximum temperature reversal occins 
in the month of December. It is furthei seen that while during the period April to 
June the inversion is most marked near about the minimum temperature epoch, the 
intensity of the inversion during November to February is the .strongest between 
midnight and 0200 hrs., that is, a few hours before the occurrence of the minimum. 

PART B. 

Disturbance layers over the south Peninsula as shown by soundings at Madras and 
Bangalore. — Table II (b) to VI (b) give details of the layers of temperature distur- 
bances over Madras-Bangalore, similar to those given m the corresponding tables 
for Poona-Hyderabad. It is seen from Table II (b) that the level of maximum 
frequency (62%) of the disturbances is at 1-2 gkm in the month of November It 
rises to 2-3 gkm in December and January, the frequency at this level being as high 
as 86 % in December and 69 % in January. The frequency of disturbances 
in January at 3-4 gkm is however much greater and that at 1-2 gkm much smaller 
than as the corresponding levels in December, showing that inversions and isothermal 



INVERSION AND ISOTHERMAL LAYERS OVER SOUTH INDIA 


31 


layers tend to form at greater heights as the season piogresses. This tendency 
continues during the next two or three months, and the level of maximum frequency 
is found to occur at 3-4 gkm in February, at 5-6 gkm in March and at 4-5 gkm in 
April. Combining the frequencies at the lowest two levels it is seen that the distur- 
bance layers at these heights occur in 1 00 per cent, cases in November and December 
and in 85 per cent, cases m January. The frequency decreases to 56 per cent, in 
February and to 23 per cent, only in the month of March. Thus an inversion or 
isothermal layer between 1 and 3 gkm is a permanent feature of the thermal structure 
of the atmosphere over the south Peninsula during November and December and is 
present on most days m the month of January also. During May to October, the 
disturbance layers are rather infrequent at all levels except between 2 and 4 gkm in 
August and between 3 and 5 gkm in September when an inversion or isothermal 
layer is observed m about 50 per cent, cases. 

Turning to Table I V (5) it is seen that inversions are most prominent in the month 
of December between 1 and 3 gkm where a disturbance layer shows on the mean a 
rise in temperature of D7°C from the bottom to the top. Inversions are also 
quite well pronounced at 2-3 gkm level in January and February. The value of 1° 
at 1-2 gkm in July is the effect of just one inversion and does not, on the mean, have 
any appreciable influence on the temperature gradient at that level. 

Table II (6). 


Percentage frequencies of disturbance layers at various heights (. Madras-Bangalore ). 


Height (gkm). 

Months. 

1—2 

2—3 

3—4 

4-5 

5—6 

6—7 

7—8 

8-9 ! 

9—10 

January 

23 

69 

62 

23 

23 

8 

46 

8 

8 

February 

0 

56 

67 

44 

33 

22 

11 

22 

0 

March 

8 

15 

38 

31 

54 

17 

8 

0 

0 

April 

19 

9 

9 

64 

36 

19 

27 

27 

19 

May 

11 

0 

0 

22 

22 

33 

0 

11 

0 

June 

0 

33 

33 

11 

11 

33 

11 

0 

0 

July 

8 

8 

31 

31 


JU 

23 

0 

0 

August 

4i 

i! 

47 

24 

35 

29 

0 

18 

0 

September 

7 

40 

47 

47 

33 

20 

7 

13 

7 

October 

0 

36 

27 

18 

10 

10 

0 

0 

0 

November 

62 

38 

33 

20 

25 

0 

0 

6 

0 

December 

57 

86 

21 

14 

21 

14 

7 

0 

0 
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Table ill (b). 


Mean depth 'in menus of dhtui’ianrc layers with base at various levels. 


Height (ghm). 

Months 

1—2 

2—3 

3—4 

4—5 

5—6 

6—7 

7—8 

8—9 

9—10 

January 

MO 

300 

210 

440 

210 

370 

160 

90 

70 

February 

.. 

350 

410 

470 

270 

250 

190 

270 

*• 

March 

110 

180 

190 

210 

220 

250 

70 



April 

150 

100 

160 

260 

220 

210 

180 

190 

170 

May 

210 



140 

120 

150 


310 

.. 

June • • * * 


240 

HO 

130 

280 

190 

180 



July 

220 

210 

no 

260 

220 

190 

210 



August . . • • 

230 

140 

120 

150 

190 

150 


70 

** 

September 

90 

160 

230 

190 

300 

220 

80 

170 

230 

October 


320 

170 

130 

240 

160 




November 

170 

200 

110 

170 

210 



MO 


December 

330 

270 

450 

230 

180 

350 

250 

•• 



Table IV (h). 

Mean use in tela piwtthe (' C) froiu the base to the top of the disturbance laiji rs at various 

lecds. 


("km j 

Months. 

1—2 

^2 *} 

3—1 

4—5 


6—7 

7 — 8 

8—9 

e — mo 

January 

0*4 

1*3 

0*2 

0*1 

0*3 

0*0 

0*5 

0*2 

0*4 

February 

.. 

1*2 

0*4 

0*5 

0*0 

0*7 

0*0 

0*1 


March 

0 6 

0*7 

0 8 

0*6 

0*5 

0-1 

0*0 



April 

0*1 

0*0 

0*3 

0*1 

0*1 

0*4 

0*1 

0*0 

0*0 

May . . 

0*0 

-* 


0*9 

0*4 

0*2 


0*0 


June 


0*5 

0*4 

0 0 

0 0 

0*3 

0*0 


. * 

July 

1*0 

0*0 

0*4 

0 5 

0*2 

0*5 

0*0 


. . 

August 

0*1 

0*2 

0*4 

0*6 

0*4 

0*3 


0*7 


September 

0*1 

0*4 

0*5 

0*4 

0*0 

0*5 

0*3 

0*0 

0*0 

October 

*• 

0*1 

0*1 

0*3 

0*4 

0-0 

. , 



November 

0*5 

0*7 

0 2 

0*1 

0-1 

, , 

. . 

0*0 

• * 

December 

1*7 

1*7 

1*2 

0*0 

0-1 

0*2 

1*0 

** 

** 
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Table V ( b ). 

Mmn height in glim of the base of the dial urbane hr yen at run, vis Web 


Height (gkm). 








~ 

— 

Months. 

1—2 

2—3 

3—1 

4—5 

5 — 6 

0 — 7 

7 — 8 

8—9 

9—10 

lanuary 

I*b4 

2*38 

3*31 

4-30 

5 46 

6 73 

7 45 

8*33 

9*65 

ebruary 


2*67 

3*22 

4-29 

5 45 

6 51 

7 33 

8*29 


March * . 

1 91 

2 22 

3*13 

4 27 

5 57 

b 57 

7 76 



4pnl 

1*68 

2 12 

3 94 

4*46 

3 38 

6 65 

7 71 

8*45 

9 27 

May 

1*75 



4 67 

3 29 

6*35 

. 

8*33 


June 


2 57 

3 29 

4*18 

5 97 

6*47 

7-12 



fuly 

1*52 

2*87 

3*44 

4*38 

5*54 

6*43 

: 7 57 



August 

1*68 

2 44 

3*40 

4 62 

5 49 

6*41 


8*43 


September 

1*54 

2*48 

3 36 

4*55 

5*27 

6 71 

7 46 

8*11 

9*46 

October 


2*41 

3*71 

4*42 

5*24 

6*62 




November 

1*53 

2*51 

3*43 

4*47 

5*19 



8-37 


December 

1 76 

2*39 

3*32 

4-39 

5*56 

6*27 

7-74 


** 


Table VI (b) 

Mean temperature. ( 200* A+ ) at the base of the dial urban -e lai/ers at various 

levels . 
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Seasonal characteristics o! disturbance layers over south Peninsula.— The 
monthly mean frequencies, magnitudes of temperature revel sal and depths of dis- 
turbance layers, as grven m Tables II (b) to IV (b) have been grouped together under 
three mam seasons northeast monsoon or winter (November to February), summer 
(March to May) and southwest monsoon (June to October). These seasonal values 
together with the annual means are given m Tables VII (b) to IX ( b ). 

Table VII (6)- ( Madras-Bangalore .) 

Smsoml and mutual means of the percentage frequency of disturbance layers at various 

levels. 


Height (gkm) j 

Seasons. ^ 

1 — 2 

i 

2—3 

3—4 

4 — 5 

5—0 

6—7 

7—8 

8—9 

9—10 

Northeast monsoon or winter (Nov- 
Feb). 

42 

eo 

42 

23 

25 

9 

15 

8 

2 

Summer (March-May) * 

12 

9 

18 

40 

40 

22 

12 

12 

6 

Southwest monsoon (June-October) 

14 

34 

38 

28 

27 

25 

8 

8 

2 

Year 

24 

38 

35 

29 

29 

18 

11 

9 

3 


Table VIII (6). 

Seasonal and annual means of the depth (metres) of disturbance layers. 


Height (gkm) 

Seasons. 

1—2 

2—3 

3—4 

4—5 

5— G 

6—7 

7—8 

8—9 

9—10 

Northeast monsoon or winter (Nov - 
Feb.) 

240 

: 

270 

260 

330 

220 

310 

170 

210 

70 

Summer (March-May) 

150 

150 

190 

230 

200 

200 

150 

220 

170 

Southwest monsoon (June-October) 

210 

190 

150 

190 

240 

180 

180 

230 

230 

Year 

220 

230 

200 

240 

230 

210 

170 

220 

160 


Table IX (6). 

Seasonal and annual means of the temperature difference (°C) between the base and top 

of the disturbance layers. 


Height (gkm) 

1—2 

2—3 

3—4 

4—5 

5—6 

i 0—7 

7—8 

8—9 

9—10 

Seasons. 









Northeast monsoon or winter (Nov.- 
Feb.). 

0-9 

! 

1*3 

0*4 

0*2 

0*1 

0*4 

0*5 

0*1 

0*4 

Summer (March-May) 

0*2 

0*5 

0*7 

0*4 

0*2 

0 2 

0*1 

0*0 

0*0 

Southwest monsoon (June-October) 

0-2 

0*3 

0*4 

0*2 

0*4 

0*4 

0*4 

0*4 

0*0 

Year 

0*7 

0*9 

0*4 

0*3 

0-2 

0*3 

0*3 

0*2 

0*1 
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The tables show that, as in the case of the north Peninsula, the disturbance 
layers over the south Peninsula also occur most frequently at 2-3 gkm level during 
the winter months. The disturbances at this level generally take the form of well 
pronounced inversions with a mean thickness of 027 gkm and a counter lapse of 
temperature of about 5°C./km. They are also fairly frequent m this season at the 
two adjoining levels, viz., 1-2 and 3-4 gkm, where they are seen to occur m more 
than 40 per cent, cases The frequencies at all the three levels fall off rapidly to a 
minimum m summer when the level of maximum frequency rises to a height of 4-6 
gkm During June to October, the disturbance layers become somewhat more 
frequent than in summer at 2-3 and 3-4 gkm levels, and the maximum frequency 
of 38 per cent, actually occurs at the latter height. The vertical course of the mean 
magnitude of the temperature reversal show, on the annual mean, the same charac- 
teristics as over the north Peninsula, viz., the maximum value at 2-3 gkm and a gra- 
dual decrease at higher levels. This annual feature is influenced largely by the 
conditions prevailing in the winter season when marked inversions are of frequent 
occurrence at the height of 2-3 gkm. The depth of the disturbance layer does 
not, on the annual mean, show any systematic variation with height, the mean values 
at most levels lying between 200 and 230 metres 

Inversions of 1*5°C or more over Madras-Bangalore— Out of the total of 301 
disturbance layers noticed over Madras-Bangalore, 33 showed a temperature reversal 
of 1-5° or more. Of these, 27 were inversions of 1*5° to 2*9°, and 6 only showed 
a rise of temperature between 3° and 5 • 9°C. The distribution of these 33 inversions 
at different heights and in different months are shown in Table X (b). 


Table X (h) 

Inversions of 1-5°G or more ( Mat Iras- Bangalore) . 


Height (gkm) | 

Months 

1—2 

2—3 

3—4 

* — 5 

6—6 

0— 1 7 

7—8 

8—9 | 

0 ] 0 

January 

1 

3 

1 

0 

0 

0 

1 

ft 

i 

ft 

February 

0 

2 

1 

0 

0 

1 

0 

<>! 

I 

0 

I'm oh 

0 

0 

I 

1 

2 

0 

° ! 

<‘| 

ft 

April 

0 

0 

0 

0 

0 

0 

0 


ft 

May 

0 

1 

0 

1 

0 

0 

0 

0 

ft 

4 une 

0 

0 

0 

0 

0 

0 

0 

0 

0 

July 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

Auj'Uhl. 

i 

’ 0 

. 0 

0 

I ! 

i 

1 1 

0 1 

1 

0 

September 

0 

1 ! 

0 

0 

0 

1 0 

J 

0 

0 : 

ft 

October 

0 

0 

0 

0 

0 

o 1 

0 

0 

ft 

November 

1 

2 

0 

0 

0 

0 

0 

0 

ft 

December 

3 

5 

1 

0 

0 

0 

0 

0 

a 

Year 

! 5 

14 

4 

3 

3 

2 

1 

1 

0 


M§mm% 
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It is seen that the majority of such marked inversions occurred in the winLei 
months at heights usually below 3 gkm. Low clouds of cumulus or stratoeuinulu* 
type were present in most cases during November and December, but the 3 id ersions 
of January and February were often associated with practically clear skies. An 
examination of the normal upper air charts shows that during November and 
December, the air over Madras and Bangalore up to a height of about 2 gkm above 
sea level come from the south Bay of Bengal and is moist, while the air above which 
is a part of the antieyelonic circulation with origin m northern India is usually dry. 

A sharp discontinuity of moisture thus exists at the boundary of the two ainnasses 
which probably accounts for the more or less permanent inversions or isothermal 
layers at heights of the order of 2 gkm over Madras and Bangalore during these 
months. The height-humidity curves relating to ascents m these months also show 
in each case a large and sudden fall in relative humidity rear about the level of the 
disturbance layer, the humidity transition being found to occur at a lower height 
than usual when the base of the inversion or isothermal layer is low , and rice verm. 
Belative humidity values in the lower layers are usually of the order of 80 to 60%, 
and change to 40 to 20% at a small height above the inversion layer. The comparison 
of S. P. Ts. at height slightly above and below the inversions further shows that the 
air above has a lower S. P. T. than the air below, and this would seem to suggest 
that, unlikely the disturbance layers at the corresponding levels over Poona which 
appear to develop in a more or less homogeneous air mass, those of the south Penin- 
sula originate at the boundary of two air masses, viz ., oceanic air below and land air 
above. It is, however, probable that the dry air aloft, which has the same source as 
the Poona air, undergoes antieyelonic subsidence and further accentuates the inver- 
sion which forms originally at the top of the moist air layer. Such a subsidence of the 
land air reaching the south Peninsula from northern India has been postulated by 
Malurkar* in explaining the extreme dryness observed at Kodaikanal during the 
winter months. 

The inversions at the lowest levels (l to 3 gkm) in January and February also 
appear to have a similar origin. Often in these months, however, the lower easterly 
air is a continuation of the land air from northern India with a short sea travel over 
the west Bay of Bengal and is not in consequence as moist as the air at the correspond- 
ing levels in November and December. The moisture discontinuity between the 
lower air layer and the air above is, therefore, not sufficiently well marked always to 
give rise to the inversion, which explains the smaller frequencies of disturbance layers 
in January and February compared to those in the preceding two months. Also 
the comparative dryness of the lower a b* causes the condensation level to be raised, 
particularly in the afternoon, to a height greater than that of the inversion layer, and 
this probably accounts for the frequent absence of low clouds at the time of sounding 
balloon ascents on days of marked inversions in January and February. The 
inversions at heights of 3 to 4 gkm in January to April do not in most cases show any 
marked humidity discontinuity, and humidity values below the inversion levels are 
usually low, of the order of 50 to 40%. It would appear that these inversions gene- 
rally develop in one and the same air mass and are caused mainly by the descent of 
air in the anticyclone, the core of which moves down to the southernmost latitudes 
during these months. II itli the advance of the season, the antieyelonic descent of 
the air to lower heights is checked by the increasing convective activity in the 
lower layers and the disturbance layers tend to form at higher and higher levels. 
In the summer months, convection and resultant turbulent mixing during day are 
very marked and extend to a considerable height, often reaching the level of 
medium clouds, and appear to play a prominent part in the formation of inversions 
at heights of 4 to 6 gkm. It is however not possible always to distinguish the 

* S H&lurkar, — Ind, Met. Dep., Set Notes, 4, No. 43. 
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i urbulance inversions of tins kind from those caused by radiation along the sarfa.ee of 
moisture discontinuity, for the level winch marks the limit of turbulence very often 
develops into a level of moisture discontinuity aim and coincide at times with the 
top of a cloud layer. The more marked aumuost the inversions m the southwest 
monsoon season are associated with clouds at Mjout the s ;rn<* level and may be 
considered to be typical cloud inversions 'I he m\ orsior s at heights of L to 7 gkm dur- 
ing this season probably originate at the boundary of the west edits ac lower levels 
and the easterly circulation above. The mean heignt at which such a transition of 
wind occurs at the latitude of Madras and Bangalore varies from ah mi 6 km m 
July to a l-o at ikm m September (lilc Fiys. 6 and 1 m Plait' 11 of the Memoir* 
on the '' Central circulation of the atmosphere over India and its neighbourhood ”.) 

Disturbance layers with vertical extent ol 0-3 gkm or more. —In all there were 
So cases out of a total of 301 in which the disturbance layer'! over Madras- Bengalore 
had a depth of 0-3 gkm or more. The distribution of these diturbance layers at 
various heights m different months is shown m Table XI (b). It is seen from the table 
that* these disturbance layers of comparatively large vertical extent are most frequent 
during the months December to February. The vertical course of such disturbances 
shows, on the annual mean, a maximum at d-3 gkm level and decreasing frequency 
at higher levels — the same features as have been observed over the nirdx Peninsula. 

Table XI (b). 

Disturbance layers of depth 0*3 gkm or more (Madras Bang ilore). 



Height (gkm) 

1 — 2 


3—4 

4—5 

5—6 

6—7 

7—8 

8—9 

9—10 

Mouths. 


" — - 










January 

. . 

. . 

o 

6 

1 

2 

1 

1 

0 

0 

0 

February 



0 

4 

5 

3 

2 

1 

0 

1 

0 

March 



0 

0 

2 

0 

1 

0 

0 

0 

0 

April 



0 

0 

1 

2 

2 

0 

1 

0 

ft 

May 


** 

ft 

0 

0 

0 

0 

1 

0 

1 

0 

June 



0 

I 

0 

0 

0 

0 

0 

0 

0 

July 



0 

0 

0 

1 

1 

1 

1 

0 

0 

August 



■ c 

0 ; 

: 

0 

0 

1 

o ! 

! 

0 

0 I 

d 

September 



1 0 ‘ 

1 . 

1 ° 

2 '' 

2 

2 

i , 

; ° ti 

0 , 

0 

October 



0 

i 1 

i »> 

0 

0 ; 

ft 

: ol 

0 

0 

November 



;i 

! ! 

1 0 
! 

! o ! 

1 i 

i 

0 

o ! 

i i 

1 

0 

December 



4 

! > 
t 

! 2 
t 

j i 

0 

3 : 

1 0 ' 

: o 

ft 

Year 

.. 

** 

11 

20 

13 

j n 

11 

8 1 

2 

; 

3 

Q 
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Influence of disturbance layers on the mean lapse-rates of temperature over the 
.south Peninsula. — Table XII { b ) below gives tiie calculated values of what the 
mean temperature gradient would be between successive kilometre levels over Madras 
and Bangalore during the months December, March and July, if no inversion or 
isothermal layer was present, and also the difference between this calculated gradient 
and the real mean gradient at each level. 


Table XII (6). 


Height (gkm) 

Months. 

3—2 

2—3 

3—4 

! 

4—5 

5 — 6 

6- — 7 

7— S 

8—9 

9—10 

D&mmheY (A) Mean temperature 
gradient (°C/km) if no 
inversion or isothermal 
layer was present. 

10*2 

7*8 

i 

0*7 

. 

0*2 

; 7 3 

7*2 

: 

7*2 

7 9 

8-2 

(B) Difference between 
(A) and the actual mean 
gradient. 

2*9 

4*1 

0*9 

0*2 

0*3 

0*4 

0*2 ] 

0*0 

0*0 

Mar«h (A) 

9*3 

9*0 

6*7 

6*2 

5*6 

6*5 

7*5 

8*4 

7*9 

<B) 

0*1 

0*4 

0*8 

0*6 

0*4 

0*3 

0*1 

0*0 

0*0 

July (A) 

8*3 

6*0 

6*8 

5*6 

7*0 

5*5 

7*4 

7*5 

8*5 

(B) 

0*3 

0*1 

0*3 

0*6 

0*5 

0*5 

0*4 

0*0 

0*0 


it is seen that the influ nice of the disturb mce layers on the mean temperature 
gradient is most marked in December at J-3 gkm level where the difference between 
the inversionless and the real mean temperature gradient is as much as 4* l°C, The 
maximum effect of these disturbances occurs at 3-4 gkm in March and at 4-5 gkm m 
July. F<y. 2 gives the mean height-temperature curves for these three months, with 
the effect. o A the disturbance layers indicated on them. 

Heights of sudden transition of wind and their association with layers of temperature 
disturbances. — In order to see how far the levels of sudden transitions of wind are 
associated with inversions and isothermal layers in the free atmosphere, the afternoon 
pilot balloon trajectories of Poona for the months of March and November, 1938 
and of Hyderabad for July 1938 were examined, and the heights at which marked 
changes occurred in the wind direction or velocity or both were tabulated. Table 
XIV below gives the percentage frequencies of occasions on which such transitions 
occurred at various heights during these months. 

Table XIV. 


Percentage frequencies of wind transition at various levels over Poona-Hydembad 


Height (gkm) 

Month#. 

1—2 

2—3 

3—4 

4—5 

5—6 

6—7 

7—8 

8—9 

9* — 10 

Mtxch 

29 

39 

26 

i 

33 1 

14 

25 I 

5 

18 

0 

July 

29 

25 

72 

33 

50 

0 

.. 

.. 

.. 

^JoT©mb«r 

40 

80 

42 

21 

18 

16 

11 

6 : 

17 
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A comparison of the frequency values as given in the above table with those tot 
the corresponding months m Table II (a) shows a fair agreement in the nature of the 
distribution of the two frequencies with height. The individual frequency values 
m the two tables are however not quite the same, and it is in fact seen that the 
frequencies of wind transitions especially at lower levels are generally greater than 
those of the temperature disturbance layers. This is due probably to the fact that 
the wind and temperature data do not relate to the same dates and hours of observa- 
tions and, also, that such transitions of winds need not necessarily be associated with 
inversions or isothermal layers, but may also be caused by marked changes in the 
vertical temperature gradients. Again, Table XV below gives the heights of base 
of inversions of 1 * 5°C or more over Madras and Bangalore and also the heights of 
the nearest levels of wind transitions on those days, as gathered from pilot balloon 
trajectories in the afternoon. On days on which no pilot balloon ascent was made in 
the afternoon, or when the ascent m the afternoon failed to reach the height of the 
inveision layer, the heights of wind transition as given in column 3 have been based 
on pilot balloon data m the morning. 

Table XV. 


Date. 

Height of 
base of 
inversion 
(km). 

Height of wind 
transition (km). 

i 

Date. 

Height of 
base of 
inversion 
(km). 

Height of wind 
transition (km). 

24-S-33 

J 7-8-33 

2.13 

5*70 

No sudden transition 
of wind. 

Do. 

17-3-38 

5-48 

5*3 (to) 

21-9-33 

2*32 

2*5 

4-5-38 

4*53 

No sudden transition 

2-12-37 

3*05 

! 3*1 (to) 

14-1-39 

2*52 

of wind. 

2*3 

16-12-37 

1*99 

1*9 

3-2-39 

2*73 

1*9 

16-1-38 

2*72 

2*7 (m) 

8-2-39 

2*1 

2*3 

22-1-38 

2*31 

1*7 (to) 

4-12-39 

1*68 

1*5 

25-2-38 

3*35 

3*2 (to) 

15-12-39 i 

1*75 

1*9 

28-2-38 

2*7 

3*0 (to) 

20-12-39 

2*25 

2*1 

7-3-38 

3-42 

3*0 (to) 

21-12-39 

2-16 

2*2 

f 

4*0 

4*0 

22-12-39 

2*1 

2*5 

15-3-384 

5*1 

4* 8 (to) 

29-12-39 

2*2 

2*0 


(to) denotes heights based on morning pilot balloon trajectories. 


It is seen from the above table that the heights at which marked inversions occur 
are characterised, as a rule, by abrupt transitions of wind, although this does not 
mean that the converse is also true. 
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On Microseigms Recorded in India and Ceylon 

BY 

S. M. Mukherjee. 

{Received on 8t7i August 1945) 

Abstract . — Microseisms due to a few selected storms in the Bay of Bengal and m the Arabian sea, 
recorded by the Milne-Shaw seismographs in India and Ceylon were studied. It is found that 1 he period 
of microseisms increases as the distance of the source of the microseismic disturbance The mean 
variation is about half a secondfora distance of ncaily 2.0CC hm — the maximum distance available 
in this study. The differences of the means between the diffei ent stations are found to be statistically 
significant and the standard deviations are ±0*2 to ±0*3 sec The variation in India satisfies the 
relation T 2 =T 2 0 ±K A (Km) where T 0 is theimtia! period and T the recorded period at the distance A > 
if the value of the constant K is taken as 1 /<! 00. This suggests a value of about 5/12 X I0 9 poises for 
the internal friction of the surface layers of the earth m India. 

The period is smaller m hot months thanm winter. The latio of the amplitudes in the N-S and 
E-W components is unity irrespective of the azimuth of the source of the disturbance from the recording 
station but confirmati on of this aspect requires further study. 

The data from the seismograms at Ceylon do not fall inline with those of tbelndian observatories. 

Introduction. 

In studying the seismograms at Bombay the author often noticed that the 
periods of microseisms due to storms originating in the neighbourhood of Bombay in 
the Arabian Sea were generally smaller than those due to storms further away in the 
Arabian Sea or in the Bay of Bengal. On the basis of these casual observations, the 
former periods were found to be generally near about 4 seconds while the latter, 
about 5 seconds or more. 

Whenever characteristic microseisms are recorded at Bombay, reports relating to 
their nature and intensity aie sent to the Headquarters Office of the India Meteoro 
logical Department, Poona, to assist in forecasting the weather. "When the periods 
belonged to either of the above categories, we sometimes used to add in our reports 
if the centre of the microseismic disturbance was near or away from Bombay. 

41 
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Do the periods vary systemstioaBv „s the »aaic. of ttf 
seeording station as the seismic . surface wa\ es . o . U gtati<ms be utilised 

variation? Gould the recorded penods at them a tions ’ The present 

to give an idea of the distance of the storm-centre from the stations P 

investigation was undertaken to examine these pom s. 

As a result of subsequent search in the disturbance the 

variation of the period of microseisms wich di ^ ^ summarising the results 

following information could be culled. Cm g U j to Europe, says, 

of observations made by himself and his p far ashrkntsk 

“ Hig 11 surf against the coast of Norway is alway ^ ^ of EuI0pe and western 
in the heart of Asia. In this case the whole r^nffins in general from 6 to 8 

half of Asia show vibrations of fn N. America ” ( 2 ) he, however, 

seconds In his studies on ^croseismsi ^ dista nce of the source 

finds that the periods of microseisms in re ^ esenti ng the variation of the 

of the disturbance. He gives an empirical foi , variation of periods 

period with distance. From this periods 0-1, 

(for A = 0 to A= 5000 km) corresponding to the values ot me i ^ ^ 

land 4*1 seconds and remarks that the order o , gam f conc i us i 0 n on the 

observations. Elsewhere ( 3 ) also he comes nea 7. ^ obssrvatio nal data nor 

results of subsequent observations in America b , a vailable m the papers 

curves showing the variations actually observed appear to be availably & ^ PP ^ 

under reference. Lee has later made a world ™ ' ■ duri tbese ‘mieroseismic 

the basis of his findings concludes as follows, ( * ‘ , f j m e ver i 0 d are 

.to,™ • a= distarbLoes ate Siberia 

recorded, for instance, throughout the whole of n ^ ri ^ , q Ramirez ( 6 ) on the 

or over the greater part of North America . - V A-mption of the distance 

other lands.,, that “ the period of microseisms m, .to evidence 
between the station and the source of — “ VeXdied 

in support of the coucluaion is given Mi— .?«« 

by Dr. Banerj, (’) bnt tins particular aspect of the ^ Mt beM1 4is . 
yariation of the period with distance of a ^ of systematic variation 

cussed. It is not known to the present author if , lb |;,vd pWwhere 

of the periods of microseisms with distance have been published .. 

Selection of the S 4 *? 1111 ®-— ahcSiSnS 
giving rise to the microseisms which are to he s n * stations the 

and their 

he due to a single source and, it should he carefully noted by a sun, ey of the weatne 

maps that them is no other source of storm or depression ^ " ^^fromthe 

This will eliminate objection relating to superposition of , d ’ J r + “ S e P conditions has 
differentstorm centres. Care, as far as practicable, to satisfy these conditions, tias 

been taken in the present study. 1K R 

The storms selected were those of 1910 Oct. 16, 1937 Oct. 14aud ™ S 5‘m b ,y on 
The first storm occurred in the Arabian Sea and crosse e coa TOpmorv 


Xfce hxst storm occuxrea m me A»u«m — . . mpmOTV 

the morning of the 16th. It was the severest storm ever recorded n lmng^memory 
at Bombay The Milne-Shaw seismographs failed to record for ^me ^msdue^ 
failure of electric supply of the city. From 07 to 08 hours ( . • •) recording 

storm appears to have been the severest. Calcutta was the J altiest ^^X t o® 
the storm. The vibrations were well recorded at allthe stations. The se trm 
was in the Bay of Bengal and its centre, within 200 miles of Calcutta on the l«n. 
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This was also a severe storm and the mieroseismic movements as recorded at Calcutta 
were exceptionally large. Bombay and Kodaikanal wer* ike farthest stations 
registering this storm. The movements due to this storm were quite prominently 
recorded at Bombay. Records at the other Stations were also clear. The storm 
of 1933 Dec. 15-16 was also a severe one and originated in the Bay of Bengal. Kodai- 
kanal was the station nearest to the centre of this disturbance and Agra, the farthest . 
Bombay was about 700 miles away but the microseisms due to it were quite clearly 
recorded. It may be mentioned that tins storm originated m winter while the other 
two m a post-monsoon and hot month. From these 3 storms, data at the different 
distances between 50 and 1100 miles are available. The tracks of these storms and 
the portions of the microseisms recorded at the selected stations are reproduced m 
Fig. 1, (a) and (b) respectively. In the Omon-Ewmg records of the microseisms due 
to the 1940 Oct. stoim at Bombay mieroseismic movements of nearly 4 seconds 
peiiod are clearly seen superposed on motions due to instrumental periods of 25-30 
seconds. It is to be remarked that the free periods of the pendulum of the Milne- 
Shaw instruments the records from which have been used, are between 10 and 12 
seconds and hence the micicseismic periods of 4-5 seconds could not have been 
influenced by the fiee periods of the pendulum. 

Records Used.— The photographic records of the Miine-Shaw seismographs 
at Bombay* Calcutta, Agra, Kodaikanal. Hyderabad and Colombo were obtained for 
tabulation. Bombay and Hyderabad had both E & N components, Calcutta N 
and the rest E components. The static magnifications of the instruments were 250 or 
350 and the free periods of the pendulums, as already stated, were 10 or 12 seconds. 
It was therefore possible to utilise the photographic records from the E component 
of the Milne-Shaw seismographs at all the stations except Calcutta where the records 
from the N component were used. Objections due to possible uncertainties in the 
results due to difference in the type of recording and the instruments do not there- 
fore arise. 

Tabulation. — Periods . — In the case of 1940, October storm, the method of 
tabulation was as follows. It was assumed that the mieroseismic waves travelled 
with an average speed of about 2*67 km/sec. (6). Each individual minute interval 
where the period had to be read, was measured and the value of the time scale in that 
particular interval determined. Where the time scale was appreciably out of the 
usual value, that is 8 mm/sec., no reading was taken. A magnifying lens and a glass 
scale graduated in half mm. were used. In an interval of half an hour centred at the 
full hour at Bombay, 4 minutes after the hour at Hyderabad, 7 minutes at Kodaikana 1 
and Agra and 10 minutes at Calcutta and Colombo, some 10 groups of sinusoidal 
waves having amplitudes generally largei than the remaining groups of waves in that 
interval were selected for tabulation. Gen erally the mean period from 4 to 6 or more 
waves in. each individual reading was taken. It was later found that so much elabo- 
ration was not necessary to bring out the general features aimed at. As such* in the 
other two cases an interval of 20 minutes was chosen after the full hour at each station 
and the average period of the first ten groups of regular waves was taken. The 
amplitudes of these waves were not necessarily larger than those of others in the 
particular interval. The hours were I.S.T. The periods are given in seconds and 
tenths. 

Amplitudes . — Amp litudes were measured only from the Bombay seismograms. 
The amplitudes of the maximum movements occurring in each of the 10 minute 
intervals after the full hour were measured. Half of a to and fro movement (crest to 
trough) was the amplitude. The breadth of the trace was taken into consideration 
in each measurement. The mean of these ten readings represents the mean hori- 
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zoxitai displacement of the earth in microns (jx) m the component in question. 

finally the va*ue 4 was taken for the ratio of the amplitudes. 

2 V £I r ‘ (J, N J 

-Readings were taken fro m the portions of records where the micros eismic move- 
ments were the most pronounced. In respect of the 1933 December storm, readings 
at intervals of 3 hours co mm encing from 1 hour on the 15th and ending at 4 horns 
on the 16th were taken. Besides these, values at a few more hours are also available. 
The hourly means for all the stations except Colombo where the recording was defec- 
tive, as well as the averages of all the hourly readings are given in Table I. In the case 
of the 1937 and 1940 October storms, readmgs for aH the available hours (0 to 13) 
for the former and 1 to 15 hours for the latter and the average hourly values for all 
the stations including Colombo are given in the same table with the approximate 
distances of the mean positions of the centres of the storms from the recording stations 
as measured from the relevant weather maps. At Bombay, readings from both the 
components (N, E) in respect of the 1933 December and 1940 October storms are 
given. In the case of the 1937 October storm, only the E component was tabulated. 

Discussion oi Results . — Mean variation , — It will be noticed that while the 
average values of the periods in both the components in respect of the 1933, December 
storm at Bombay are practically the same, in the 1940 October storm the period from 
the E component is greater by 0-2 second than that from the N component. This 
point requires further examination. 

It seems clear that the average period of the microseisms increases as the distance 
of the source of the mieroseismic disturbance, the mean variation being about half a 
second over a distance near about 2000 km. Curves showing the variation of the 
periods with distance in respect of the three storms are reproduced in Fig , 2 In 
this figure are also given the theoretical curves of variation of the seismic surface 
waves according to Sezawa’s formula partially verified by Gutenberg's observations 
and the theoretical curve of variation of the mieroseismic periods with distance 
according to the formula T 2 =T 2 0 +0* 01 A (km) due to Gutenberg. Here T— the 
observed period, To —the initial period and A = the distance of observation. 

The observations in India satisfy Gutenberg's theoretical relation if the value 
of the constant is made one-fourth of that adopted by Gutenberg. It would be noted 
that this would he 1 /10th of the value of the constant adopted in Sezawa’s formula 
of variation of seismic surface waves ( x ). This would suggest a value of 5/12 X 10 9 
poises ( 8 ) for the internal friction of the surface layers of the earth in India, if we 
assume that the velocity of the waves does not deviate much fiom 3 km/sec. More 
observations are however necessary for such studies. 

It is noteworthy that the curve for the 1933 December storm is much above 
those for the October storms, the latter being close to each other. They corroborate 
the general observations of other investigators made in India and elsewhere that 
the periods of microseisms during winter are larger than those in the summer months. 

It will he noticed that the values of the recorded periods at Colombo do not fall 
in line with the observations in India and are generally smaller than the values observ- 
ed at the corresponding distances in India. The average values in respect of the 
two October storms, however, differ from each other by as much as half a second 
though the distances of the centres of these disturbances from Colombo differed only 
by about 300 km. These points deserve further examination. 

Hourly Variations. — The hourly average values of the periods at Calcutta, 
Agra, Kodaikanal and Bombay for the three storms are plotted in Fig, 3, The 
maxi mum range of oscillation of the period at any station in the 1937 storm is about 
0*3 second while that in the other two is double this amount. There is no close 
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correspondence in the hour to hour variation at the different stations and sometm^ 
the variations are m opposite directions. Followmg are the general feature notice 
able. Regarding the 1933 December storm, the periods at all the stations^ P g 
Agra are smaller than the average between 1 and 10 hours, g rea ^^P,^ om the 
and fall below it thereafter. At Agra, though the period falls systematically 
Winning till the end, the general trend of the curve is opposite to tha^ . 

stations. The readings from both the N &’E components at Bombay a p • 
These curves go almost hand m hand. In respect of the 1937 storm, there a^boh 
similar and opposing tendencies of the curves but they do not muchdevi of 

mean The curves of the 1940 October storm, on the whole, exhibit . ^ 

parallel variation at the different stations. The conspicuous featur nce 

values between 8-9 and 15 hours and hi gh values m the earlier p 
It may be seen that either from the analysis of the mean values or doeg not 

readings, the frequency distribution of which has been discussed 1 » tiong 

appear that the microseismic movements in India are more irregular th ^ 
nearer the centre of the disturbance than those at the distant ones. stations 

deviations of the periods with regard to these storms at the nearan ^ n 1 0 . 2 and 

do not show any appreciable divergence from one another and are be ± 

" L ° Frequency Distribution.— The frequency of occurrence of 'the peri 
ages of the total number of readings, m gioups of two consecutiv diaeramati- 

of0-2 second for Bombay, Agra, Calcutta .and IKodaikanal is e g ctofa ll 
cally in Fiq. 4. All the readings were used. The notable featur P 

the storms are that the distribution is normal with a more °* f the^curves from one 
round about the mean value of the period, the bodily shiftsofth there 

another are clear and according to expectation. In respect of h 40^ an interval 
are two prominent humps in each of the curves at Bombay an displacement 

of 0-4 second m each. The peaks are of nearly the same h g • , sat Bombay 

of the first and the second peak at Calcutta fimn Ahe ^ es pondingp rat her 

is 0- 8 second. In the curves for Agra and Kodaikanal (a°t sjio^, in 

a long tail of larger periods. In the curves for Agra and Calcutt { of er * 0 as 
respect of the 1933 December storm, there appear to be two COI f . Raines 

differing from each other by 0 • 4 second^ For this ^ tfS readings 

from both the N and E component at Bombay appears to be similar. 

from the E component only are plotted. 

Test of Significance.— Variation of the period ^^ ^JJaholute magni- 
small and no claim can be made at this stage on the accuracyof ^ it w ould 

tude of the variation obtained. Nevertheless from the source of 

appear to be clear that the period of microseisms at a station very ^variation 

the disturbance is smaller than that at a distant station and, r g 7, ^ ^ 

is of the order of about half a second over a distance o near qyy ere nt distances 
observed differences of average periods between the station at th d ff^ ^ wtet]ier 
are often much smaller than this amount. B therefore lenu ii , t > test ( 6 ). 

they are statistically significant. To examine this po^t we app^J _ ^ o{ tte 

We use the following expression which is applicable to test g 
difference of the means of two small samples 


X-X 8 . 

V nfT+S- 1 ) 

where 2, and X, are the individuals of the two samples, 
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and X 2 are the two means, 

N x and hT 2 the total numbers, 
and S 1 and S 2 are the summations over the samples. 

In our case, the number of readings used in each station is 100 or more and hence 
’ we use Nj and N 3 in place of N r l and N a -1 in the above expression. We calculate 
the values of 44 1 55 in respect of the differences of the means between the pairs of 
stations : Ko dai k ana l and Bombay, Kodaikanal and Agra and Bombay and Agra 
in respect of the 1933 December storm, between Calcutta and Bombay, Calcutta and 
Agra, and Bombay and Agra in respect of 1937 October storm and between Calcutta 
and Bombay, Calcutta and Agra, and Bombay and Agra in regard to the 1940 October 
storm. Che values of “ t 5J range between 3 • 4 and 15 * 2 and therefore indicate that 
the differences of the average periods are above one per cent level of significance. 

Amplitudes .—' The ratios of the tabulated amplitudes of the two horizontal 
components at Bombay in respect of the 1933 December and 1940 October storms are 
.given-in Table 2. The values for one hour in respect of the Malabar storm of May 26, 
1941 which occurred due south of Bombay, are also given in this table. These values 
are unity and are independent of the azimuth of the source of the disturbance from 
the recor din g station. These results agree with the observations of Gutenberg and 
Lee referred to before. 

My best thanks are due to Dr. S. R. Savur, Director, Colaba Observatory tor 
' 'kindly ma kin g 1 all the facilities available for the work and to Dr. K. R. Ramanatlian 
for Ms kind interest and some suggestions in the work. 

References. 

(1) L. DonLeet, (1938) Practical Seismology and Seismic Prospecting, 

p. 261-262. 

(2) B. Gutenberg, (1931) Bull. Seis. Soc. Amer., 21. 

(3) B. Gutenberg, U.S.C.G.S. Spl. Publication, No. 201. 

(4} A. W. Lee, (1934) Geophy. Memoirs, No 62. 

(5) A. W. Lee, (1939) Meteorl. Mag., 73. 

(6) J. Emilio Ramirez, (1940) Bull. Seis. Soc. Amer., 30, Nos. 1 and 2. 

(7) S. K. Banerji, (1930) Phil. Trans. A, 229, and (19‘35) Proe. Ind. Aca. Sci, 
. 727—753. 

*8} B. Gutenburg, (1939) Internal constitution of the Earth, First Edition, 

(9) ' R." A. Fisher, (1938) Statistical Methods for Research Workers, p. 128. 




48 


S. M. MUKHEKJEE 



B 

ai 




1 

«> CS> ^ ^ CO e© o ! 

pH * * * • St> . 

• CO ^ ^ Ttf • • ; 

^ ^ J 

10 

rH 

pH CD GO © 

4 > i ^ io * 

rH 

O lO S> CO 

. » CO • * 

^ ^ * * HU hH 

m 

© ^ 

CO 

1— 4 

® ^ ^ ia o 

<C O i i i 1 i* 

d _ .. _ _ 

12 

o 

rH *-g <m CS| CO *0 CO 

4 §> 4 4 4* 4 4 

§ - 

pH 

pH 

N 2- ^ ^ ^ ^ 

4s 4 4 4 4 4 

O 

pH 

pH CO CO rH *C W 

4 4 4 4 4 ^ 

os 

M CO W lO « 

4 J2 4 4 4 4 4 

00 

^ CO CD 05 10 

’ g 4 4 4 4 

© 

© 


oS 

Sr 1> io 1© l> ^ 

• 4 4 4 4 4 

<© 

<N CS> *H CO 05 ©3 

4 co 4 4 * 4 4 

i£5 

CO 05 05 t- 00 © ©3 

4 co 4 4 4 4 4 


(Ml *> 1C VO 05 pH 

4 CO 4 ^ 4 4 4 

\ CO 

XO 05 lO CO rH <M 

pH • • • • * • 

^ CO Tft Tft ♦ XO tH 

©3 

*3 

C3 © ICO © 1> 05 ©3 

pH 

05 Id ^ O rH 

4 co 4 4 *44 


h ^ h h m fe m 

■ 

80 

640 

1,110 

1,110 

1,720 

1,690 

! * •a ; 1 : : 

>£ ^ ■§ S J J 

^ •§ j * 3 ■§ i 

a I 1 1 1 -a 1 

^ H H - < M o O 

>? 



ON MISCROSEISMS IN INDIA AND CEYLON 


49 


Table 2. 

Amplitudes m jx. 
1933 December 15-15. 


Hrs. I. S. T. 


Component 

1 

4 

7 

10 

13 

16 

22 

i 

4 

1 Mean. 

N . . 

0-52 

0*68 

0*92 

1*08 

1*48 

1*56 

0 80 

0*80 

0 76 


E 

0*43 

0*60 

0*71 

: 0*86 

1*11 

Ml 

0*77 

1 0*83 

0*49 | 


(1) N/E 

1*21 

M3 

1-31 

1-26 

1*33 

1*41 

1*04 

0*96 

1 55 j 

i 

(2) E/ST 

0*83 

0*88 

0-77 

0-80 

0*75 

0*71 

0*96 

1*04 

0*64 

| 

Mean (1) & (2) 

1*02 

1*01 

1*04 

1*03 

1*04 

1-06 

1*00 

1*00 

1*09 

1*03 


1940 October 16. 


Hrs. I.S.T. 


Component. 

0 

■ 

2 

3 

4 ! 

i 

5 J 

6 

Mean. 

N 

2*46 

i 

; 3*24 

3*40 

• • 

4*22 

i 

4*34 

4*78 


E .. 

3*33 

4*01 

4*24 


5*24 

5*31 

7*73 


(1) E/N 

1*35 

1*24 

1*25 

* * 

1*24 

1*22 

1*62 


(2) N/E .. .. ! 

0*74 

0*81 

0*80 

•* 

0*80 

0*82 

0*62 


Mean (I) & (2) 

1*05 

1*03 ; 

1*03 

•• 

1*02 

i*02 ; 

1*12 j 

1*03 


1941 May 22 (one hour only). 


Component* 


Mean of 10 read- 
ings (mm). 

N .. 

«* 

0*141 

E .. 


0*209 

if^+ .. 

*>* 

1*00 
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Abstract . — During the winter months when thegradient wind at Kaiachi is generally cf land origin 
afternoon sea breeze sets in on sunny days, unless the gradient wind is too strong. It is, however, 
observed that, although the sea breeze starts from a direction perpendicular to the coast line, it veers 
with the progress of the day Again, prior to the onset of the sea breeze andalso on occasions when 
the sea breeze does not blow due to the gradient wind being strong, a veering or backing of the gradient 
wind is observed m the afternoon. This veering or backing is explained by the simple parallelogram 
law — being the result of compounding the gradient wind with the sea breeze. A comparison of the 
relative magnitudes of the gradient wind and sea breeze is made, leading to some criteria for judging 
from the morning conditions whether sea breeze is likely to blow in the afternoon . 


Land and sea breezes are easy to detect when there are no strong or well defined 
pressure systems over the region considered. Although, however, the effect of land 
breeze is usually obliterated whenever there is an appreciable gradient wind 
(wind due to the general synoptic situation), the effect of sea breeze may 
be observed even when the gradient wind is appreciable. In Karachi, the 
gradient wind is usually weak and ill-defined in the transition months of October 
and March and purely local land and sea breezes are normally observed only in these 
months. In the months of May to September a fairly strong westerly breeze blows 
continuously in association with the seasonal low pressure area over northwest India. 
These westerlies, however, show a marked tendency to strengthen and back in the 
after-noon due to the effect of the sea breeze. In the months of November— February 
due to the establishment of seasonal high over northwest India, the winds over 
Karachi are generally of land origin and blow from a direction between northwest 



52 


S.N. RAY CHOUDHURI 


a ad northeast. Local sea breeze, however, develops m these months in the after- 
noon unless the gradient land wind is too strong. The present note is a study of the 
effect of sea breeze on the gradient winds during these months and the conditions 
that are necessary for the onset of sea breeze in the afternoon over the land. 

According to Jeffreys 1 , the local winds of the type of land and sea breezes are 
essentially antitriptic. While Jeffreys’ view is generally accepted, it has been 
pointed out by others {vide discussion on Jeffreys’ paper, loc cit) that the acceptance 
of antitriptic; character of sea breeze is likely to obscure the important fact that the 
sea breeze undergoes a veering with the progress of the day. At Karachi, the coast 
line runs approximately WNW to ESE. Accordingly, it has been observed that 
the sea breeze at Karachi first blows from a SSW to SW-ly direction — that is 
roughly along the sea-land pressure gradient. Even a casual examination of wind 
charts at Karachi, however, shows that by the late afternoon the SSW to SW-ly 
sea breeze invariably veers to W. Table I which reproduces the hourly wind direction 
at Drigh Road on sea breeze days m January 1937 clearly shows the veering of sea 
breeze with the progress of the day. 

When there is no gradient wind the full effect of the local sea-land pressure 
gradient actuates the sea breeze normal to the coast line. With the prevalence 
of an appreciable gradient wind, the imposition of a local sea-land pressure gradient 
may be expected to make a gradient wind veer or back and give a resultant wind 
according to the parallelogram law. Further, if the strength of gradient wind is 
comparable in magnitude with the sea breeze component, a resultant wind is all 
that can be expected. The resultant of a gradient wind of land origin and sea breeze 
may sometimes give a wind which has partial sea travel but will not give a sea breeze 
of the antitriptic type, the arrival of which is characterised by a sudden wind shift, 
fall in temperature and rise in humidity as shown by Ramdas 2 . It is only when the 
sea breeze component far exceeds the gradient wind factor that a sea breeze of the 
antitriptic type will blow, obliterating the gradient wind factor. 

Before passing on to a consideration of the relative magnitudes of the sea breeze 
and the gradient wind due to general synoptic situation, it may be pointed out that 
due to inherent lag between the development of a pressure gradient and its effect 
on the winds, the local sea-land pressure gradient may not be fully operative until a 
wind approximately from the direction of the pressure gradient begins to blow. This 
explains the frequently observed fact that the gradient wind usually veers or backs 
only upto E or NW before a sea breeze of the antitriptic type commences from SSW or 
SW. Several cases have, however, also been noticed when the gradient wind veered to 
S or backed to W before the onset of the antitriptic sea breeze. In such cases, as the 
winds would already have some sea travel prior to the onset of antitriptic sea breeze, 
the arrival of the latter will not be attended with the same contrast m temperature 
and humidity as when a purely land breeze is replaced by sea breeze. In cases when 
the gradient wind veers to S prior to the onset of sea breeze, it is also interesting to 
note that the surface winds make practically a complete cycle in the course of the 
day. The explanation for this is simple: suppose the gradient wind is from NE. 
As a result of the effect of sea breeze it veers and through the process of veering it 
becomes, say, S. Then let the sea breeze start from SSW. The sea breeze veers 
with the progress of the day {vide infra) and by late evening becomes, say, W. The 
sea breeze is then withdrawn and the wind comes back to its normal direction, i.e. 
NE, through N. Several examples of a complete cycle made in the course of the 
day through the process of veering will be found in Table II. It is obvious that a 
complete cycle cannot be made through the process of backing due to sea breeze 
effect and no case has so fax been observed. 
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In order to have an idea of the magnitude of the sea breeze factor^ the following 
equation* is useful : 

STm. g. p. 

S-p=h* 

RI 2 

where <5p=the pressure difference over land and sea 

STm =the mean temperature difference of the column of air of height h 
h=the height at which the temperature equalises and consequently the 
pressure gradient vanishes. 

R=gas constant 

T=the mean absolute temperature 
p=the mean barometric pressure 

If the temperature lapse from the surface upto the height h is assumed to be 
uniform both over land and sea, STm can be replaced by ST, where ST is the tem- 
perature difference at the surface. We then have, 2 

STg.p. 

Sp 

2RT 2 

where ST— the difference in surface temperature over land and sea. 

We will further assume that up to the height h, dry adiabatic lapse rate of about 
10°C per km prevails over land and that the usual lapse rate of about 6°C per km 
prevails over the sea when the maximum temperature contrast is attained. Then 
the height h upto which the temperature difference exists is 1000 x ST metre Sa 
or, 250ST X 10 2 cm. 

Substituting for h in the above equation, we have 

250 x 10 2 x ST 2 x gXp. 

sp= 

2RT 2 

Now substituting the values of g,p, Rand T (g=981=10 3 approx. p=1000 
mb==10 3 Xl0 3 dynes approx. R— 2-871 xlO G — 2*9 x 10 6 «*§» approx. and T— 
300° A), expressing ST in °F instead of °C and evaluating, we have 

Sp— li-ST 2 dynes approx. (1) 

Equation (1) gives the measure of pressure difference in terms of difference in 
temperature at the surface over land and sea. 

We can now compare the pressure given by equation (1) with the pressure exerted 
by the gradient wind due to the general synoptic situation.' Let £\pbe the pressure 
exerted by the gradient wind of velocity v, then 
Ap=|pv 2 dynes. 

If V is expressed in metres per second, then the above equation becomes 
Ap=JX 10*X pv 2 dynes. 


*Tlie equation is easily derived from first principles. It has been put in a slightly different form 
m Humphrey’s “ Physics of the Air ”, namely, 

dB BT 2 


flzzx — . 

dT gB 

where dB and B have the same significance as §p and p respectively and corresponds §T m in our 
equation. 
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Now substituting the value of p corresponding to temperature of 300° A and 
pressure of 1000 mb and evaluating, we have 

p==5*8V 2 dynes. .(2) 

where V is in m. p. s. 

From equations (1) and (2) it will be seen that the gradient wind and the sea 
breeze are of equal magnitude when 

142T 2 =5®8V 2 
or, £T 2 =-41 V 2 

In order to have a sea breeze of the antitriptic type, it is obvious that^T 2 
should be greater than -41 V 2 . In the particular case when the gradient land wind 
is from a direction exactly normal to the coast line, i.e. from NNE, the gradient 
wind will die down and a calm will result when £T 2 = * 41V 2 and a sea breeze is likely 
to blow when ST 2 > *4lV 2 . If the gradient land wind is from a direction other than 
the normal to the coast line, the resultant of the gradient wind and the sea breeze can 
theoretically never be exactly from a direction from which the sea breeze comes. 
In practice ,vho we ver, when the sea breeze factor exceeds a certain limit, the effect 
of the gradient wind is obliterated and an antitriptic sea breeze blows. If the gra- 
dient wind is say from NE or N, we will have a resultant wind from S or SW when 
the sea breeze factor is about twice the magnitude of the gradient wind. The resul- 
tant wind will m this case be very close to the direction of sea breeze and a sea breeze is 
likely to set in if the sea breeze factor is more than twice the magnitude of gradient 
wind. With a gradient wind from E or NV, the sea breeze factor has to be about 3 
times the gradient wind factor to get a resultant wind from S or SW. The condition 
for the onset of antitriptic sea breeze are, therefore, 

ST 2 > * 41V 2 , when the gradient wind is NNE (a) 

ST 2 > 2 X • 41V 2 , when the gradient wind is N or NE (b) 

8T 2 >3X -41V 2 , when the gradient wind is NW or E (c) 

The above can be simplified further and put respectively m the following convenient 
foxnws : 

ST>*64 V (a) 

ST> -91V (b) 

8T>1*1 V (e) 

The above conditions for the onset of sea breeze are given below in tabular foim, 
it being remembered that ST has been expressed in °E and V in m. p. s. 


Tor NKE-wind: condition 

ST > -64V 

For NE and In - wind : 
condition . 9 jy 

For E and NW-wind ; 
condition j . ^ 

V=X, 

ST> 64 

V* 1 

ST> -91 


St>m 

Y= 2 , 

$T>l-3 

V=2, 

ST>l -8 

V= 2 , 

ST> 2-2 

V-3, 

ST>l-9 

V —3, 

ST>2-7 

V=3, 

ST> 3 • 3 

V=4, 

ST> 2-6 

V=4, 

ST>3-6 

V =4, 

ST> 4-4 

V=5, 

ST>3-2 

V— 8 , 

ST>4-6 

V=5, 

ST> 6-6 

V= 6 , 

§T>3-S 

V = 6 , 

ST> 5 • 5 

v=e. 

ST> 6 • 6 


ST> 5 • 1 

i ^= 8 

§T> 7 • 3 

[ V = 8 , 

8 T> 8-8 

Y «=10 

ST>$*4 

j V =10 

ST>9-3 

V =10 

ST>ll-e 
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In applying the above criteria, the giadient wind due to the general synoptic 
situation requires to be determined. Tbs can be determined with reference to the 
morning synoptic chart prior to the onset of sea breeze. As, however, this will 
require some calculation, the mean of the upper winds at 0-2 and 0*5 km prior to 
the onset of sea breeze may be used as a close approximation. 

Before applying the criterion we will also have to allow for any change in the 
gradient wind due to change m the synoptic situation by the time the sea breeze 
factor comes into play. This can usually be done from an examination of the 
synoptic chart. When, however, a western disturbance is not approaching the 
station, the change in the gradient wind factor between the morning and noon is not 
likely to be appreciable and this allowance will, m general, be unnecessary. 

Thelcriterion mentioned above was tried for the months of November — February 
1934 and was found to give good results. The maximum temperatures at Manoia 
(an island) and Drigh Road about 11 miles inland, were taken to represent tempe- 
ratures over sea and land respectively. 

In applying the criteria for forecasting purposes, the likely difference m maxi- 
mum temperatures between Drigh Bead and Mancra will have to be judged m the 
morning. This can usually be done by observing the previous day's maximum 
temperatures and allowing for the probable change by noting the temperature ten 
dency on the synoptic charts. 

Before concluding, it is worthwhile emphasising that the criterion has been 
arrived at on several assumptions and appre ximatiers which are not strictly 
justifiable and the criterion, therefore, can be taken culy as a rough guide. It, 
however, brings out clearly the relative magnitude of the two factors involved in the 
diurnal variation of winds in the winter months and it is hoped that it may serve 
as a useful guide in forecasting winds at the surface layers, 
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Table II. 

Drigh Road Ground Winds. 
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Abstract. — B&nerji, Lee, Ramirez and some other authors have studied the relationship between 
microseisms and disturbed weather. The seismograms of Alipore Meteorological Office give valu» 
able information about disturbed weather at sea. A detailed examination the Alipore seismograms 
and the synoptic charts for 8 years was undertaken to study the relationship between weather and 
microseisms. It is found that there are three types of microsei :ms recorded at Alipore — gusty wind 
type, monsoon type and storm type. The gusty wind type microseisms can be attributed to tilting of the 
seismograph pillar. The monsoon type microseisms are caused by monsoon m the Bay of Bengal 
and they also appear in the initial stages of a disturbance or with a far awaj* storm over sea, and 
also sometimes when a disturbance is filling up Storm type microsenms are caused by depressions 
and storms m the Bay of Bengal, and sometimes also m the Arabian Sea, and they continue until the 
disturbance has weakened or crossed inland and moved away. Storm microseisms sometimes appear 
before the swell and strong wind of a disturbance reach the coast. 


The study of microseisms was begun in the last century and some authors hav© 
examined the question of association of micro seisms with disturbed weather, A 
bibliography on the subject has been given by Ramirezp). One of the authors 
of this note, when he was in the Meteorological Office, Alipore, Calcutta, during the 
years 1937-40, derived considerable help in storm warning work from seismograms 
particularly during the period after September 1939, when radio silence wc s enforced 
: on ships at sea due to war, and no weather reports were received from them. On a 
few occasions the seismograph charts were taken out and examined as many as six 
times during a day. The seismograms generally gave valuable information about 
disturbed weather at sea, and in some cases, when ships’ observations were not 
available, gave indication of disturbed weather well out at sea which we s not obtain* 
able from the ‘synoptic weather charts. A systematic examination of the Alipore 
seismograms was, therefore, undertaken to study microseisms mainly from the point 
of view of day to day forecasting. Some of the results found have, however, been 
compared with those obtained by other authors. 
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2. The Alipore Observatory possesses one horizontal Milne-Shaw seismograph 
in the N-S position with a magnification of 250 and a period of 12 seconds. This 
adjustment was found suitable for the study of the relationship of microseisms with 
weather. The instrument is placed in a room which has rooms on the East, North 
and West sides of it, but on the south side there is a verandah through the open arch 
of which, the sun shone during certain period of the day, on the south wall of the 
room and produced “ creeping 55 of the record lines. A canvas screen covering the 
arch (provided in 1937) prevented the sun from shining directly on the wall, and 
considerably reduced the u creeping A There are also two Omori horizontal 
seismographs in the observatory, but they are not sufficiently sensitive for the purpose 
in view. The records of the Milne-Shaw seismograph for the period 1931-1940 
were taken up, but the records for the 2 years 1934-36, when the seismograph had 
been placed in E-W position, had to be rejected as a main water pipe, in an East- 
West direction and 25 feet to the south of the seismograph, produced spurious 
microseisms during certain hours of the day on account of increase and fluctuation 
of water pressure in the pipe. 8 years’ seismograms of Alipore were thus studied, 
but for the sake of comparison, seismograms of Colaba, Kodaikanal and Agra for 
some periods of disturbed weather on sea were also examined. The Calcutta synoptic 
weather charts for the 8 years were scrutinised with a view to find out the dependence 
of microseisms upon weather, 

3. Those, seismograms of Alipore, which showed appreciable microseisms, were 
selected for tabulation. Generally, hourly measurements of amplitudes and periods 
were made. Tlie measurements were made for the Colaba and Kodaikanal seismo- 
grams also, when the microseisms were appreciable, but only at intervals of 3 hours. 
The Agra seismograms did not, however, show any appreciable microseisms during 
any of the periods of disturbed weather in the sea for which the records were exa- 
mined. Measurements of amplitude were carried out with a vernier scale from the 
most pronounced group of microseisms during an interval of 30 minutes (dr lb minutes) 
centred at the hour, the amplitude being the mean value of 3 largest consecutive 
oscillations in the group. The mean period was calculated from the periods observed 
from several groups within the above interval of 30 minutes. Measurements were, 
however, not made when well marked oscillations due to earthquake shocks were 
superimposed. 

General Behaviour. 

4. The mioroseisms are generally absent from the Alipore Seismograms during 
the months January to March. During the other months, the microseisms are asso- 
ciated with gusty winds, with the onset, prevalence and intensification of monsoon 
in the Bay of Bengal, and with the formation and movement of depressions and storms 
in the Bay of Bengal, and sometimes also with storms in the Arabian Sea. The mi- 
eroseisms due to gusty winds, monsoon and storms (or depressions) are, however, 
of different types and can be easily distinguished from one another. This agrees 
generally with the observations of Banerji( 2 ). 

Land and Sea Breezes, Squalls and Microseisms. 

5. Banerji( 2 ) found that land and sea breezes of 20 miles or more per hour pro- 
duced microseisms of periods of 10 to BO seconds at Bombay, but land and sea 
breezes did not produce any microseism at Alipore. Even local strong winds and 
squalls at Alipore and neighbourhood have no definite effect. In Tables 1 and 2 
at© given the winds at Alipore and Sandheads with corresponding values of period 
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and amplitude of microseisms on some days of thundersqualls and squalls. It will 
be seen that generally strong winds of thundersqualls or squalls cf even 60 to 70 
mp.hatAlipore and neighbourhood on days of no monsoon or disturbance at sea 
did not cause any micro-risms Whenever there wrm appreciable micro seisms, there 
was either monsoon or disturbed weather in the Bay for Arabian Sea). 

Gusty Winds and Mieroseisms. 

6. Gusty winds produce a characteristic effect on the seismograms consisting 
of a series of bulges m the recoils. When the wind becomes gu*ty. these irregular 
bulges appear with some semblance of periodicity of abcrl a minute. Banerji( 2 ) 
showed that similar bulges at Bombay, which had been noticed by him, could not 
be due to the free vibrations of trees and seismograph building which have a period of 
* I second. 

7. Records for a few days have been reproduced m Fig. I These records may be 
compared with those in Fig. II. The small peaks m the tracts (a) and (c) in Fig. II 
were caused by the tilts in the seismograph due to the presence of p large number of 
visitors in the vicinity cf the instrument. The trace II (b) was due to a heavy roller 
working on the path adjacent to the seismograph room and illustrates the same 
effect enhanced because of the heavier weight of the roller. It was found that 
these peculiar irregular bulges, whenever they occurred, were either associated with 
gusty winds or were attributable to causes similar to those just mentioned above. 
Gusty winds would thus appear to produce the irregular bulges by causing tilts of the 
seismograph pillar. This agrees with the views of 'Whipple and Lee ( 3 ) wto studied 
similar effects at Kew and Hamburg. The broad peaks of these bulges, however, 
appear to possess a fine structure, which is probably caused by short period vibra- 
tions of the ground accompanying the oscillations of the trees and the buildings in the 
compound. 


Monsoon Microseisms. 

8. As noted by Banerji (-), the microseisms associated with monsoon consist of 
uniform and steady vibrations and these could be easily recognised in the Alipore 
records. Monsoon microseisms are shown in Fig. III. The advance of monsoon 
in the SE Arabian Sea does not produce any microseisms at Alipore. The miexoseisms 
generally appear with the approach and strengthening of the monsoon in the Bay 
of Bengal, often even m the South Bay, but disturbances often occur in the Bay 
along with the approach or strengthening of the monsoon and the storm microseisms 
are then superimposed on the monsoon type. It is also found that often in the 
earlier stages of development of a disturbance, these monsoon microseisms first appear 
and later give place to the characteristic type of microsehms associated with dis- 
turbances. Sometimes after the disturbance weakens or passes inland and moves 
away, monsoon microseisms reappear In Table 3 a few such cases have been given. 
The appearance of monsoon miscroseisms, when there is no monsoon, generally indi- 
cates the initial stage or the existence far away of a disturbance in the Bay, 

9. The amplitudes of the monsoon microseisms do not appeal always to depend 
upon the strength or proximity of the monsoon current in the Bay of Bengal. Vigo- 
rous or strong monsoon in the North Bay generally produce large microseisms, 1j)Uf 
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there were occasions when strong monsoon in the North Bay hardly produced any 
miscroseisms,' while moderate monsoon in South Bay caused appreciable microseisms. 
In Table 4 have been given a few occasions of different strength of monsoon with the 
maximum value of amplitude within (±) 12 hours, and the average period of micro- 
seisms at the hour. The periods of monsoon microseisms are from 3 to 7 seconds. 


Microseisms and Atmospheric Oscillations. 

(Pressure Fluctuations ). 

10. Bamirez( 1 ), on an examination of seismograph and barograph records, 
concluded that atmospheric oscillations of short periods are not accompanied by 
microseisms. Lee( 4 ) also found that there was no connection between microseisms 
and pressure fluctuations. Seme well pronounced short period pressure fluctuations 
were selected from the records of Knudsen microbarograph at Alipore, but no micro- 
seisms were found to be associated with them. 

Microseisms and land Depressions and Storms. 

11. In Table 5, some cases of depressions and storms, which both developed and 
filled up on land, are given along with the microsekms, if any, produced by them. 
It is seen from the table that micrcseisms do net depend upon the intensity or proxi- 
mity of land depressions. In the last case mentioned even a severe storm, only 
about 70 miles NNE of Calcutta, did not produce any appreciable microseisms. 
It would appear, therefore, that depressions or storms of land origin do not cause 
mierosei" ms • but, indirectly , if the disturbs nccs cause a strengthening of the monsoon 
.n the adjoining seas, monsoon microseisms make their appearance. 


12. In this connection a question arises as to what happens when a disturbance 
from over the sea, passes ink nd and then travels as a land disturbance. It is seen 
that for sometime after the centre of the disturbance passes inland, the characteristic 
microseisms continue, but with continuously decreasing amplitudes. The reason is 
that when the centre of a disturbance has passed inland, part of the field is still over 
the sea and also the effect does not die out immediately. After some time the 
whole field passes inland, and the effect on seismograph is similar to that of a distur- 
bance of land origin. 


Microseisms Associated with Disturbances on the Sea. 

13. The association of microseisms with barometric lows travelling over sea 
have been noted by many investigators. These microseisms belong to a characteris * 
tic type which may he called the ec storm 55 type. The amplitudes are not uniform 
and regular like those of monsoon microseisms, but increase and decrease forming 
groupings of small and large amplitudes. The characteristics of microseisms can he 
seen in Fig. IV which is a reproduction of a portion of Alipore seismogram of the 
16th October 1940, when there was a severe storm in the Arabian Sea close to Bom- 
bay! 
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14. These C£ storm 55 microseisms are generally, though not always, recorded at 
Alipore when there are disturbances over the Bay, particularly deep depressions and 
storms m the North and Central Bay. In Table 6 are green the occasions, during 
the 8 years, when inappreciable or no microseisms were recorded at ALpcre with dis- 
turbances in the Bay of Bengal. Storm microseisms are also sometimes, though not 
generally, recorded at Alipore with storms in the Arabian Sea. 


15. The Gottingen school of seismologists and Gutenberg attribute the micro- 
seisms to the beating of surf producf d bj storms on distant rocky coasts. Byerly ( 5 ) 
found that some correlation -_x:s .1 between microseisms at Berkeley and the surf 
on nearby coasts, but there .vm: periods when one was large and the other was not 
and vice versa. At Alipore, srorm microseisms were, however, sometimes recorded 
when the disturbance was well away from the coast round the Bay, and before 
the strong winds and the swell produced by the disturbance reached the coast. A 
few such cases are given m Table 7. It was also found, on the other hand, that on a 
few occasions even when a storm or deep depression was close to the coast and was 
strongly affecting it, there were inappreciable or no microseisms at Alipore. It can. 
not be said that this might be due to the coasts affected not being rocky for other 
storms or deep depressions m the same region s h ave produced microseisms. It would 
thus appear that the microseisms cannot sometimes, at any rate, be attributed to 
the beating of the wind and swell of a disturbance on rocky coasts. 


(a) Period . 

16. Banerji( 2 ) found that the storm microseisms have perieds of 4 to 6 seconds 
and that the average monthly period decreases gradually during the first half of the 
year and increases thereafter. Lee( 4 ) summarising his studies of microseisms at 
Eskdalemuir, Kew and lie Biit mentions that, in summer, the average period is 3 to 
5 seconds, becoming larger in winter and confirms Baneiji’s conclusion regarding the 
annual variation. Ramirez! 1 ) has noted similar seasonal characteristics in the records 
of St. Louis. In the records of Alipore it is noticed however that the periods dur- 
ing monsoon are smaller than during the rest of the year. The periods of storm 
microseisms at Alipore vary from 3 to 6 seconds. Ramirez’s! 1 ) conclusion that for the 
same storm the period is constant is not borne out by Alipore records. In Tahle 8 
some cases of disturbances have been given with the ranges in the periods and am- 
plitudes of the associated microseisms. The values given are only for the stage when 
they were over sea and not after they had passed inland. It is seen that the period 
does not remain constant for the same disturbance, the variation being sometimes 
quite large. The records of Alipore also show that although the smallest periods of 
microseisms in any individual storm are associated with the largest amplitudes, a 
regular relationship like diminution in period with progressive increase in amplitude 
does not usually hold. 


17. Table 9 gives the period and amplitudes of some storms and depressions 
when approaching Alipore. It is seen that there is no definite change in the period 
with the approach to Alipore of a disturbance, nor there is any definite relation bet?, 
ween the period and the distance of a disturbance from Alipore. 
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(6) Amplitude 

18. In storm microseisms, the vacations in amplitude and the groupings are 
characteristic. In the beginning the trace m the seismograms becomes thicker and 
assumes a sinusoidal character ; the variations in amplitude and the groupings be- 
come clear later, A thickening of the trace with sinusoidal character indicates the 
occurrence or intensification of a disturbance out at sea An increase m amplitude 
indicates further intensification or movement towards Alipore, or both, of the dis- 
turbance while a decrease indicates the weakening or moving away from Alipore or 
both. 

19. The seismograms of Bombay and Kodaikanal for the periods of some storm® 
in the Bay of Bengal were examined and it was found that m many cases there were 
inappreciable or no micrcseisms at Kodaikanal and Bombay. 

20. It was held by Bauerji^) and later confirmed by Ramirez^) that the wide- 
spread character and intensity of a barometric low over the sea determine the sis© 
of the resulting amplitudes. One would except that the greater are the intensity 
and extent of the disturbance, the larger is the amplitude of microseisms produced, 
and that a depression of widespread character may have the same effect as a storm 
of small extent. 

21. The variation of amplitude of Alipore storm, microseisms is as given be« 
low : — 

(i) Variation in amplitude and distance of disturbance from Alipore . 

It is found that generally storms, even severe ones, in the Arabian Sea and dis- 
tant parts of Bay of Bengal, produce microseisms of very small amplitudes or no mi- 
croseisms at all. The severe Bombay storm of October 1940 is, however, an excep- 
tion, as it produced at Alipore, at a distance of over 1,000 miles, larger microseisms 
than many of the storms in the North Bay within 200 miles from Alipore. 

(ii) Amplitude and distance from the nearest coast. 

It is seen that the microseisms sometimes become more pronounced at the time 
if the disturbance approaching or crossing the coast , irrespective of the fact whether 
it is moving nearer to or farther away from Alipore. Table 10 gives some such cases 
It would thus appear that distance from the recording station is not always the deter- 
mining factor though we cannot, however, definitely rule out, m such cases, the 
possibility of the disturbances having intensified while approaching the coast. 

(Hi) Amplitudes of storms of similar intensity and situated in the same locality . 

Table 11 gives some groups of storms and depressions of similar intensity and 
situated in the same locality, and the associated microseisms. It will be seen from 
the table that similar storms situated in the same locality sometimes cause micro- 
seisms of different amplitudes at Alipore. Lee( 4 ) had also noticed that the same size 
of microseisms are not always produced by similar conditions of “ storminess ” in 
the same place. 

(iv) Maximum amplitude. 

Table 12 gives the maximum amplitudes observed with a number of disturban- 
ces and the position of the disturbances at the time. This shows that the size of 
microseisms does not by itself, give definite information as to the position or even, the 
intensity of a disturbance. 
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(v) Increase in amplitude with intensification when a disturbance is stationary . 

It is found that intensification of a disturbance when stationary is accompanied 
by an increase m the size of microseisms. A few cases have been given in Table 13. 
When a disturbance is approaching Alipcie and intensifying at the same time, the 
increase in amplitude is more pronounced In cases when a disturbance is weaken- 
ing and approaching or receding and intensifying^ the ch-ngem the si ze ofmicrosei- 
sms depends upon the combined effect of movement and change in irh ensity. 

(vi) V ariahon of amplitude when a disturbance crosses ''oo«f awl afterwards . 

It has already been stated that when a disturbance approaches coast, the mic- 
roseisms increase in size provided the disturbance does not weaken at the same time. 
When a storm passes inland, there is a decrease, generally very rapid, in the size of 
microseisms. A storm also generally weakens after crossing coast. In Table 14 aie 
given some cases of storms with associated micioseisms at the lime of dossing and 
thereafter. With regard to the storm No I which presented an apparent anomaly 
in that the largest microseisms were recorded after the stoirihad passed the geographi- 
cal coast, it may be stated that the Sunderbansreg-o- with the num rous vide creeks 
and mouths of rivers cm probaby be treated s part of se? n stewl of s pait of 
land for the purpose m view, M my storms over this region behave as if they were 
still over the sea. 

Conclusions Regarding Microseisms at Alipore. 

2'?. (a) Microseisms are of 3 types which can be easily distinguished from one 
another. 

(i) Monsoon type — imifoim and steady vibrations — period 3 to 7 seconds, 

(ii) Storm type — the amplitudes are not uniform and regular but- increase and 
decrease forming groupings of large and small amplitudes — periods 3 to 6 seconds. 

(in) Gusty wind type — series < f uneven bulges with a sort of period of 1 mi- 
nute or so. 

(i b ) Strong surface winds, squalls or thunderequ&lls over land unassociated with 
storms and depressions from the sea, do not generally cause any appreciable micro- 
seisms. 

(c) Depressions and storms of land origin, over land, do not produce any storm 
microseisms, but if they cause a strengthening of the monsoon ovm the sea. mon- 
soon micros fisms may appear. 

(d) Advance of monsoon in Arabian Sea does not produce any microseisms. 
Advance and strengthening of monsoon in the Bay (even in the south Bay) generally 
produce monsoon micio seisms. 

(e) Often in the initial stages of development of a disturbance in the Bay of Ben- 
gal monsoon microseisms first appear and later give place to storm microseisms. 
Monsoon microseisms sometimes reappear after a disturbance weakens or crosses 
coast and moves away. Sometimes when the disturbance* is, however, too far away 
or is weak, monsoon imeioseisms only aie recorded. 

(/) The appearance of monsoon microseisms, when there is no monsoon* 
indicates the initial stage or the existence of a far away distuxbance over the sea. 

(g) The more intense a disturbance and the neaier it Is, the larger aie the micro- 
seisms generally. The amplitude of microseisms is, however, not often a definite 
guide as regards the intensity or the distance from Alipore of a disturbance. Simi- 
lar storms (or depressions) in the same locality also do not sometimes produce 
equally pronounced microseisms. 
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(h) Depressions and storms in tlie Bay generally give storm microseisms. The 
absence o£ microseisms generally indicates the absence of any deep depression or 
storm in the South Bay and of any depression or storm in Central and "North Bay, 
The Andaman Sea ofi Pegu and the coast oil Arakan are, however, somewhat 
peculiar in that sometimes even a storm m these regions does not produce micro- 
seisms, 

(i) Storm mi croseisms definitely indicate a depression or storm at sea, generally 
in the Bay of Bengal, and sometimes in the Arabian Sea. 

(j) Once the storm microseisms have appealed they do not vanish until the dep- 
ression or storm fills up or it crosses coast and moves away. 

(h) After storm microseisms have appeared, their increase means either the in- 
tensification of the disturbance or its movement towards Alipore or both. The de- 
crease means either the disturbance has crossed coast or is weakening and in a few 
rare cases moving away from Alipoie. 

(?) There is also a tendency for microseisms to increase in amplitude when a dis* 
turhance approaches coast, but it is difficult to say whether this is due to its approach- 
ing coast or to an actual intensification of the disturbance. After a disturbance 
crosses coast, the microseisms decrease very rapidly, and thus it is generally possible 
to distinguish between a case of crossing coast and that of weakening of a disturb- 
ance. 

(m) Storm microseisms sometimes appear before the swell and strong wind of a 
depression or storm reach the coast. On the other hand, there are occasions when 
even a storm close to the coast does not produce any or appreciable microseisms. 

(n) Storms in the Bay of Bengal do not often produce any micioseisms at Bom- 
bay and similarly storms in Arabian Sea do not often produce any microseisms at 
Calcutta. 

(o) Storms in the Bay of Bengal and Arabian Sea generally do not cause micro- 
seisms at Agra and often also not at Kodaikanal. 

(p) The period of storm microseisms does not iemain constant for the same dis- 
turbance, the variation being sometimes quite laige. 

(q) The smallest periods of stoim microseisms in any depression or storm are 
associated with the largest amplitudes, though there is no progressive change in 
period with increase in amplitude. 

(r) There is no definite change in period of stoim microseisms with the approach 
of a disturbance to Alipore. 

(s) The gusty wind type microseisms are caused by the lifting of the seismo- 
graph pillar. 
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Table 1. 


Thunder squalls and strong winds at Alipore. 


Date ! 

1 

1 

Hours i 
I.S.T. ' 

i 

Max ' 

speed , 
of wind I 

(B.s.) ; 

Period ! 
(Ser -i ) | 

Ampii- | 
tude 1 

(mikrones) t 

Remarks. 

, 

17*5-37 i 

18-59 1 

10 ' 

1 

l 

3 3 

2 2 ! 

Gusty type of microsei^ms superposed* 

20*5-37 ! 

16-10 j 

12 1 

3 3 

2-2 j 

i 

Strong winds m NW Bay and 
xieighbourhood. Gusty type of micro- 
seisms had ceased an hour earlier. 

8-5-3S 

15-04 

10 


.. 

No mierosei^ms. 

7-5-39 

18*04 

12 

8*6 

1*6 

Conditions unsettled off Ooromond&l 
coast. 

30-5-39 

13-30 

11 



No mierosei&ms. 

20-5-39 

22-53 

10 

1 



Bo. 

6-6-39 

! 17-50 

10 ; 


* * 

Bo. 

9-6-39 

16*06 

12 

i 


Bo. 

ft* . 

13*3-40 

00-35 

10 



Bo. 

26-3-40 

12*42 

10 

; Notmea- 
i surable 

i 

Not mea- 
surable 

Weather thundery head Bay. Some 
gusty type also noticed. 

; 4-5-40 

17-19 

11 

1 

i 

1 

1 ’• 

No micro seisms. 

12-5-40 

i 

20-02 

l 

11 

f 

i Not mea- 
| surable 

i 

j Not mea- 
surable 

Gusty type microseisms only. Suspi- 
cion of unsettled condition off Tenna- 
sarim. 

! 36-5-40 

I 

22*17 

10 

1 

Not mea- 

j 4*6 

Advance of monsoon -south Bay. 

! 15-6-40 

! 

10*37 

12 

j surable 

i 

i 

i 

1 

No microseisms. 

! I 
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Table 2. 

Thunder squalls and local strong winds at Sandheads. 


Bate 

Hours 

I, S. T. 

Max. 
speed 
of wind 
(B.S.) 

j Period 
(Sees.) 

| Ampli- 
tudes 

(Mik- 

rones) 

Remarks. 

7-5-37 

12-40 

7 

3-2 

4*0 

Groupings of amplitude seen. Anda- 
man Sea suspicious. 

8-5-37 

21-30 

7 

3 

2 0 

Bo. 

29-7-37 

17-00 

1 

7 

4 

4-0 

Land Depression near Berhampore. 
Monsoon moderate Bay. 

30-7-37 

08-00 

7 

4 

4-4 

Monsoon strong north of latitude 13 
and moderate elsewhere. 

21-5-38 

02 »00 

11 

3*3 

2-2 

Monsoon advancing Head Bay : mode- 
rate elsewhere. 

17-4-39 

22*0 

7 

.. 


No microseisms. 

7-5-39 

20-30 

7 

7*5 

2*6 

Unsettled conditions off Coromondal 
coast. 

22-5-39 

13-25 

7 

• * 

.. 

No microseisms. 

12-6-39 

18*00 

7 


*• 

No microseisms. 

23-8-39 

17-00 

S 

5 

4*4 

Monsoon vigorous N. Bay ; deep 
depression over SW Bengal 

13-7-39 

17-00 

7 

5 5 

4-0 

Unsettled conditions m Head Ba\. 

14-7-39 

08-00 

8 

5-5 

4-4 

Vigorous monsoon in N. Bay ,* strong 
elsevhere. 

14-7-39 

17-00 

8 

5 

4-8 

Bo. 

28-7-39 

10-00 

7 ! 

l 

i 

5 

| 3-2 

Monsoon strong and Central Bay , 
depression near Calcutta . 

6-3-40 

22-00 

S 

1 

•• 


! No microseisms. 

14-3-40 

00-55 

10 



i i 

No microseisms. ! 

12-5-40 

21-30 

7 — 8 

Not mea- 
surable 

Not mea- 
surable 

No appreciable mierc-se^ms. j 

31-5-40 

15-00 

' 

9 

; bo. 

Inappre- 
ciable i 

No microseisms i 

7-6-40 

! 12-00 | 

7 

*• 



8-6-40 

09*40 

8 

.. 

. . 

Bo. 

10-6-40 

11*00 

8 1 

i 

1 


Bo 

11-6-40 

08*00 

7 1 



Bo. 

12-6-40 

08-00 

7 



Bo. 

13-6-40 

08*00 

7 



Bo. 

14-6-40 

08*00 

7 

. . ! 

i 

i 

Bo. 

15-6-40 

08*00 

7 

.. 


Bo. 

19*6-40 

18*00 

7 

•* 

- ! 

i 

Bo. 
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Table 3. 

Monsoon microseisms followed by storm microseisms. 


1 

Bate 1 

j 

Hour ( 

1 

| 

Type of microseisms ! 

Nature and position of depression and storm. 

18- 8-1931 
to 

19- 8-1931 

to 

0800 

Uniform 


Head Bay of Bengal unsettled. 

07001 
0800 / 

Groups 

-• 

As depression formed 120 miles SSE of Calcutta. 

20-8-1931 

to 

0200 

Groups 

• • 

As storm 80 miles SSW of Calcutta 

21-8-1931 

0800 

Uniform 


As stoirn had passed inland during previous night. 

19-9-1932 

0800 

Umfoi m 


As depression 200 miles south of Calcutta \ 

\ 

20-9-1932 

0800 

Feeble groups 


As storm 190 miles south of Calcutta. { 

i 


1100 

Groups 


The storm practically stationary j 

21-9-1932 

2000 

Uniform 


The storm had already passed inland during the' 
previous night 

29-7-1933 

1700 

Uniform 


As depression 310 miles SSW of Calcutta 

30-7-1933 

0800 

Uniform 


The depression 350 miles SSW of Calcutta. 

31-7-1933 

0800 

Groups 


The depression 350 miles SSW of Calcutta. 

20-6-1937 

0800 

Uniform 


As depression 140 miles SE of Calcutta. 

21-6-1937 

0800 

Uniform 


The depression 160 miles E of Calcutta. 

22-6-1937 

0800 

Groups 


The depression stationary. 

23-6-1937 

0800 

Groups 


As storm 240 miles ESE of Calcutta. 

24-6-1937 

0800 | 

Groups 


j As storm 200 miles E of Calcutta. 

24-6-1937 

1700 

Uniform 


The storm weakened and passed inland into SE 
Bengal 

4-12-1939 

0200 

Ho microseism 


As depression near Car Nicobar. 


1700 

Ho microseism 


As storm near Car Hicobar. 

; 5-12-1939 

0800 ! 

Uniform 


The storm 900 miles south of Calcutta. 

6-12-1939 

0800 i 

Groups 


The storm 750 miles south of Calcutta. 

! 7-12-1939 
j 

0800 

I Groups 


As severe storm 600 miles SSW of Calcutta. 

| 9-12-1939 

0800 

Uniform 


1 The severe storm weakened into depression. 

i- 8-1940 

0800 

Uniform 


Head Bay unsettled 


2300 

Uniform 


As depression 60 miles ESE of Calcutta. 

2-8-1940 

0200 

j Feeble groups 


The depression stationary. 

\ 

i 

j 0800 

| Groups 

•• 

, As storm 60 miles ESE of Calcutta. 


; 1700 

J Groups indistinct 

i 


The storm passed further inland into Bengal ($0 


! 


miles E of Calcutta). 

i 
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Table 4. 

Monsoon microseisms. 


Bate 

Nature of monsoon 

Average 

Period 

(Secs.) 

Max. amplitude.! 
(Mikrones). 

10-6-31 

Monsoon generally moderate over the whole of Bay of 
Bengal. 

4*3 

2*2 

15-6-31 

Bo. 

3-5 

2*6 

10-8-31 

Monsoon strong N and Central Bay . . 

. 

No microseism. 

21-8-31 

Monsoon generally moderate over whole Bay . . 

4*0 

2*8 

13-6-32 

Monsoon vigorous North and Central Bay ; strong south 
Bay. 

3*5 

4*0 

15-7-32 

Monsoon strong north and central Bay 

3*8 

4*4 

28-7-32 

Monsoon strong north and central Bay 

4*0 

2*8 

1-8-32 

Monsoon strong off Orissa Gan jam coast ; generally 
moderate elsewhere. 

3*8 

3*0 

3-6-33 

Monsoon strong m Bay 

4*3 

2*2 

19-7-33 

Monsoon generally moderate in Bay 

4 

1*6 

11-8-33 

Monsoon generally moderate m Bay 

3*8 

1*8 

22-9-33 

Monsoon strong northwest Bay 

4 

2*8 

20-10-33 

Monsoon moderate off Coromondel Circars Coast 

4 

1*6 

22-5-37 

Monsoon moderate south and central Bay 

3*2 

2*2 

12-6-37 

Monsoon strong south Bay and generally moderate else- 
where in Bay. 

3*5 

2*4 

28-6-37 

Monsoon strong in Bay 

4 

3*4 

30-6-37 

Monsoon moderate in Bay . . 

4*3 

2*4 

14-7-37 

Monsoon moderate N and Central Bay ; weak elsewhere* 
in Bay. 

4*6 

3*0 

26-7-37 

Monsoon strong m Bay 

5 

5*2 

4-8-37 

Monsoon moderate in Bay . 

5 

3*6 

4-9-37 

1 

Monsoon strong north and central Bay and moderate else- 
where m Bay. 

4*6 

2-8 

21-5-38 

Monsoon genex ally model ate m Bay 

3*3 

2*4 

29-5-38 

Monsoon strong head Bay and generally moderate else- 
where in Bav 

4 1 

1*4 

11-6-38 

Monsoon strong in Bay .. . .. . 1 

5 5 j 

2-2 

14-6-38 

Monsoon strong north Bay ; generally moderate else- 
wheie in Bay. 

5 

2*4 

J 20-6-38 

Monsoon generally moderate in Bay 

5 

1 ; 

2*0 
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Bate 

Nature of monsoon 

! 

Average 

Period 

(Secs,) 

Max. ampli- 
tidue. 
(Mikrones). 

11-7-38 

Monsoon vigorous north of lat 16 and generally moderate 
elsewhere m Bay, 


3*6 

14-8-38 

Monsoon generally moderate m Ba\ 

4*6 

1-2 

30-9-38 

Monsoon strong south of lat 12 and moderate else- 
where in Bay 

5 

2-0 

16-5-39 

Monsoon stiong south and central Bay ai;d extending 
north Bay. 

7 4 

4-0 

18-5-39 

Monsoon moderate in Bay . . 

5*5 

2*6 

10-6-39 

Monsoon strong SW Bay and generally moderate else- 
where in Bay 

5 

4*0 

11-7-39 

i 

{ 

Monsoon strong north of lat. 15 and generally moderate 

elsewhere. 

5*5 

3*4 

| 12-7-39 

Monsoon strong in Bay 

5*5 

3*0 

j 14-7-39 

j 

Monsoon vigorous north Bay and generally strong else- 
where. 

5*5 

5*6 

J 22-6-40 

Monsoon strong south and central Bay ; moderate north 
Bay. 

5*5 

2*2 

28-6-40 

Monsoon strong in Bay 

6 

3*0 

4-7-40 

Monsoon strong north Bay ; moierate elsewhere m Bay 

5 

2*8 

j 18-7-40 

Monsoon moderate m Bay . . . . . . . | 

4 

4*4 

! 31-7-40 

Monsoon moderate m Bay . . . . . . | 

5*5 

2-4 | 

! 4-8-40 

Monsoon generally moderate in Bay . . . . ; 

4*3 

1-4 j 

| 23-8-40 

Monsoon strong m Bay . . . . . . . j 

5 

s 

3-2 j 
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Table 5. 

Land depressions and storms. 



Max. am- 

I 

Type of 


Depression or storm 

plitude 

micro- 

Remarks. 


(Mikrones) 

sehms 


1. A shallow land depression formed over west 

1 8 

Uniform 

Monsoon active in Bay. 

Bengal by the morning of the 30th July 32 



and moving westwards through Chota Nag- 
pur filled up over east U P. on 1st August. 




1932. 



1 

2. A land depression which formed near Lucknow 

Nil 

. , 


on the morning of 7th July 36 moved north- 
wes wards and filled up near Bareilly by the 
morning of the 12th. 

3. A land depression formed near Pcnclra by the 

Nil 



17th July 37 and merged into the seasonal 
trough of low pressure withm the next 25 
hours. 




4. A land depression . 




1938 




10th July 0800 — 105 miles north of Calcutta 

2 0 

Uniform 

Monsoon generally mode- 




rate m Bay. 

11th July 0800 — 140 miles NNW of Calcutta 

3 6 

>* 

Monsoon vigorous north 



of lat. 16 and generally 
moderate elsewhere. 


12th July 0800—300 miles WNW of Calcutta 

4*4 

»> 

Do. 

13th July 0800 — Became unimportant 

2*4 

99 

Do. 

5. Land depression : 




1939 




14th July — 90 miles north-west of Galeutta. . 

5*6 

Uniform 

Monsoon vigorous north 
Bay and strong elsewhere.! 

15th July — 240 miles WNW of Calcutta 

4*8 

Unifoim 

Monsoon strong Bay. 

i 

16th July — 410 miles WNW of Calcutta 

4 0 

99 

Do. | 

17th July — 410 miles WNW of Calcutta 

2*4 

99 

| 

Monsoon strong central 



Bay and moderate else- 
where. 


18th July — Unimportant 

2*0 

3* 

Do 

6. Land storm of 29th July to 7th August 



. 

1939 

i 



29th July 0800 — A depression 150 miles NE j 

| 1*6 

Uniform 

Causing unsettled weather 

of Calcutta. 



Head Bay ; elsewhere 
moderate monsoon. 

30th July 0800 — A deep depression 110 miles 

2*2 

»» 

Causmg strong monsoon 

NE of Calcutta. 



with squally weather 

! 



and rough seas in N. Bay, 
elsewhere moderate mon- 

i 



soon. 

31st July 0800 — A deep depression 105 miles ! 

3*0 

Uniform 

; Monsoon strong Head 

N of Calcutta. ( 



Bay, moderate elsewhere. 

1st Aug. 0800 — A storm 60 miles NE of Cal- • 

2*4 

9* 

Do. 

cutta. 




2nd Aug. 0800 — A severe strom 150 miles NE 

Inappre- 



of Calcutta. 

ciable 


1 

3rd Aug. 0800— A severe storm 70 miles NNE 




of Calcutta. 



J 

4th Aug. 0800— A depression 165 miles NW 
of Calcutta. 

Inappre- 

ciable 


5 


till 7 hrs. 


i 
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Table 6. 

Disturbances in Bay when none or inappreciable tnicrosetsms were recorded. 


j Disturbance in the Bay of Bengal. 

i 

i 

i — - — — — , — _ . - 

! Period when 
j the distur- 
> banco was m 
| the Bay 

Inappreciable 
or no micro - 
seisms. I 

1. Shallow depression — A shallow low foirned over northwest Bay 
extending to Chota Nagpur. Passed inland on the 27th. 

l 

26-27 Aug 31 

i 

Inappreci- 

able. 

2. Shallow depression — Foimed over central Bay on Die 17th. Pas- 
sed inland across north Madras coast as a wave of low pressure 
on the 19th 

! 17-19 Rep 33 

Do. 

3 Depression — Fanned over northern part of Bayou ihe 22nd. 
Moving westwards, passed niland across Circ c i s coast by the 23th 

22-2b Rep. 31 

Do. 

4. Depression — Formed otf south Ceylon coast on the 9th passed in- 
to the Arabian Sea, and then moving norths ards, became un- 
important near Goa. 

9-14 Dee 31 

! 

Do. 

i 

5. Depression — Formed over southwest Bay on the 30th Oct. Mov- 
ing northwards crossed Circars by the 2nd Novembei 

30th Oct. — 2nd 
Nov. 1932. 

Inappreci- 

able. 

6. Cyclonic storm — Foimed over south Bay. Moving tow aids Mad- 
ras, weakened into a depression on the 25th on approaching it 
and then passed inland by the 26th. 

23-26 Nor. 32 

Do. 

7. Cyclonic storm — started from southeast Bay as depiession on 
22nd, intensified into storm over east central Bay on the 23id. 
Approaching Akyab* the storm weakened on 26th and became 
unimportant after passing inland. 

22-26 May 33 

Inappreei- ! 
able 

8. Shallow depression — Formed m the north Andaman Sea on 3id, 
weakened into a trough of low pressure by the Cth and nun mg 
westwards passed across south Peninsula into Arabian Rea by 
10th. It became unimportant on 13lb. 

3-13 Nor. 33 

Do. | 

9. Depression — Formed east of Ceylon on 23rd. Moving westwards 
into Arabian Rea, became unimportant off Mahbaronthe 26th 

23-26 Jan. 34 

i 

i 

Inappreei- j 
able. ; 

10. Shallow depression — Formed over west central Bay on the 26th. 
Moving north-westwards crossed Orissa coast by the 27th. 

26-27 Jun. 34 

i 

Do. 1 

1 

j 

11. Cyclonic storm — Formed over southwest Bay on the 25th Mov- 
ing westnorth westwards, weakened while approaching Coromon- 
del coast, and became unimportant after passing inland on 28th 

25-27 Nov. 34 

No micros - 
eisms. 

12. Shallow depression — Formed off Orissa coast on the 25th. Mov- 
ing northwestwards crossed Orissa coast by the 26th. 

25-26 Jun. 35 

Inappreci- 

able. 

13. Depression — Formed over central Bay on the 14th. Moving to- 
wards northwest angle Bay, passed inland by the 21st. 

14-21 Jul. 35 

Do. 

1 

14. Shallow depression — Formed over north Bay on 20th. Moving 
north northwestwards passed inland by the 21st. 

20-21 -Jul. 35 

Do. 

15 Deep depression — Formed over north Andaman sea on 1 at and 
then moving into the Bay off Arakan coast filled up by the 3id* 

1-3 Nov 35 

Be. 

16. Severe cyclonic storm — Formed over southwest Bay on the 13th* 
Weakened into deep depression after passing inland near 
Negapatam. 

13-15 Not. 35 

Do. 
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Period when ■ Inappreciable 
Disturbance in the Bay of Bengal. | the distur- j or no micro- 


j banco was m 
j the Bay. 

! seisms. 

j 

17, Depression— Formed over north Bay on 2nd. Moving noi fch wards 
passed inland near Balasore by the 3rd. 

2-8 Jul, 36. 

Nil 

18. Deep depression — Started from, north Bay on the 25th as a shal- 
low depression. Moving westwards, became deep and passed 
near Oallingapatam by 29th 

25th Aug -1st 
Sep. 1936. 

Inappreci- 

able. 

19. Depression— Formed over south Bay on the 4th. Moving toward ? 
Madras passed inland by the 7th. 

4-7- Nov. 36 

Do. 

20, Depression — Formed over souths esi Bay west of Andaman on the 
2nd. Moving northwards became unimportant by the 6th in 
the neighbourhood of Andamans 

2-0 Deo. 36 

Do, 

21. Depression — Formed over southwest Bay east of Ceylon on the 

3 ~th. Passed towards the southwest Ceylon on the 31st ana be- 
came unimportant. 

30-31 Dec.30 

Do. 

22. Deep depression — -Formed over south Bay. Moving westnorih- 
westwards crossed coast between Madras and Nellore, 

14-17 Ap v 37 

Nil. 

23. Severe cyclonic storm — Formed over north Andaman Sea. Mov- 
ing northwestwards, it crossed coast near Diamond lid. 

27-30 Apr. 37 

Nil 

24. Depression — Formed over northwest Bay, Moving westnorth- 
westwards crossed coast near Balasore 

1-3 Jul, 37 

Nil. 

25. Depression- — -Formed over northwest Bay. Moving west-north- i 
westwards crossed coast near Cuddaloie. ! 

30th Sep. — 2nd 
Oct 1937. 

Nil. 

26. Deep depression — Formed over southwest Bay. Moving north- 
westwards crossed coast near Cuddalore. 

13-16 Not. 37 

Nil. 

27. Cyclonic storm — Formed over central Andaman sea. Moving 
north north east wards weakened m the Gulf of Martaban. 

26-29 Dec. 37 

Nil. 

28. Severe cyclonic storm — Formed over central part of south Bay. 
Moved westnorthwestwards at first and approaching Pa Ik Strait 
moved southwestwards ; passed into the southeast Arabian Sea 
where ii filled up. 

7-12 Jan. 39 

Inappreci- 

able, 

29. Cyclonic storm — Formed over south Bay off Ceylon. Moving 
northnorthwestwards crossed west between Cuddalore and Ne- 
gapatam. 

| 

11-14 Apr. 39. 

: 

^ Nil. 

30. Depression- — Formed over east Central Bay off Arakan coast. 
Moving nortlmorthwestwards parallel to coast it crossed south- 
east Bengal coast. 

17-27 Sep. 39. 

Nil 

31. Depression — -Formed over east central Bay off Arakan coast. 
Moving northwestwards crossed Bengal coast. 

! 29th Sep. to 
2nd Oct. 1939 

Inappreci- 

able. 

32, Deep depression— Formed over west central Bay. Moving west- 
northwestwards crossed coast near Nellore. 

! 20-25 Oct. 39 

Do. 

33. Deep depression — Formed over west central Bay, Moving north- 
westwards, it weakened and crossed coast as a low pressure wave. 

29-31 Oct. 39 

! 

Do, 

\ 
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Table 7. 

Appearance of storm microseisws before wind or swell of disturbance reached coast , 


i Bate 

Position of disturbance 

I 10th July 1937 

J 27th September 38 . . 

| 8th November 1938 

6th December 1939 . . 

Depression about 250 miles southsouthwest of Calcutta. 

Deep depression about 500 miles southsoutheast of Calcutta. 

Storm about 750 miles south of Calcutta. 

Storm about 750 miles south of Calcutta. 
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Table 8. 

Range of period and amplitude of mieroseisms with disturbances. 


j 

Date. 1 
i 

Brief description of course of depres- 
sion or storm. 

1 

Range 
of period 
(.Sees.) 

i 

Range 1 
of * 

amplitude 
(Mikro- 
nes). 

Remarks. 

” i 

30-6-3J j 

Unsettled conditions overN.W. Bay 

3*3 

1*6 

Maximum amplitude 

to 

developed into a shallow depres- 

to 

to 

with minimum period 

1-7-31 1 

sion near Sandheads and passed 
in f o south Bengal 

5*0 

3*0 

observed at the time 
of passing inland. 

440-31 

A shallow depression formed off 

3*0 

1*8 

(Amplitude) was 1 • 8 at 

to 

Orissa coast and passed inland 

to 

to 

the time of crossing 

5-J.0-31 

between Balasore & Saugar lid. 

3*3 

6*4 

coast and maximum 
when the depression 
was 50 miles N TV*. of 
Sandheads. 

18-7-32 

A shallow depression off Orissa Ben- 

3*0 

2*2 

Maximum (Amp ) with 

to 

gal coast, deepened and passing 

to 

to 

minimum period ob- 

21-7-32 

close to Sandheads entcied Orissa 
coast. 

4*6 

4-0 

tamed with deep de- 
pression 165 miles S S 
W of Calcutta. 

8-8-33 

A deep depression formed off Arakan 

3*5 

X 0 

Maximum (Amp.) ob- 

to 

coast crossed the Orissa coast. 

to 

to 

tamed with deep de- 

9-8-33 


4*3 

4*0 

pression 185 miles south 
of Calcutta. 

10-11-33 

A storm centred off Coromondel 

4 

1*0 

Maximum (Amp ) with 

to 

coast intensified and crossed it 

to 

to 

minimum period ob- 

17-11-33 

between Nell or© and Masulipatam. 

5 

2*8 

tained at the time of 
crossing coast. 

20-6-37 

A depression centred off Bengal 

3 S 

2-0 

Maximum (Amp.) ob. 

to 

coast intensified into a storm near 

to 

to 

tamed after intensi- 

24-6-37 

Cox*s Bazaar, then weakened and 
passed into S E, Bengal. 

4*6 

16*6 

fication into storm. 

13-10-37 

A storm over north Bay off Orissa 

3*5 

2*4 

Maximum (Amp.) ob- 

to 

coast, intensified furthei, crossed 

to 

to 

tained when stoim 80 

15-10-37 

coast near Chittagong. 

5 

41 2 

miles SE of Calcutta 

5-10-38 

A depression formed E. Central 

3*8 

1*2 

Maximum (Amp.) ob- 

to 

Bay, intensified into severe storm 

to 

to 

tained at the time of 

10-10-38 

and crossed coast near Gopalpur. 

5 

7 8 

severe storm crossing 
coast 

28-8-39 

A -depression formed off Arakan coa - 

4 

1*6 

Maximum (Amp.) ob- 

to 

st, then intensified into storm and 

to 

to 

tained at the time of 

39-8-89 

passing close to Sandheads, cross- 
ed coast near Balasore. 

r> 

13*0 

crossing coast. 

5-12-39 

A storm over SE Bay became se- 

4*3 

1*6 

Maximum (Amp.) ob- 

%6 

vere and approached Orissa coast 

to 

to 

tained after the storm 

6-12-39 

and then filled up off Orissa 
coast. 

5 5 

4*8 

had become severe 

8-7-40 

A depression formed over Head 

3*5 

2*4 

Maximum (Amp.) ob- 

to 

Bay, intensified into storm and 

to 

to 

tained when storm was 

8-7-40 

entered Bengal 

4*3 

1 

i 

8*2 

near Calcutta. 
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Table 9. 

Diahu Icmccs approc,Glnvg AHpore. 


| Depression or 
! storm with 
| date. 

Distance and bearing from Calcutta foi successive 
positions of centre > 

.. . . ... _ 

Peimd, 

(Secs ), 

Amplitude 

(Mikrones). 

jl. Bay storm 

(a) As depre sion 100 miles b uth of Calcutta 

4 

1*8 

1 14th to 16tli 

(b) As depression 440 miles south of Calcutta 

4 

1*8 

May 1931. 

(c) As storm 380 miles S E of Calcutta 

3 8 

2*0 

(d) Storm crossed Arakan coast 440 miles ESE 
of Calcutta. 

3 8 

2*0 

2. Bay depres- 

(a) Depression 310 miles S of Calcutta 

3 3 

2*8 

$ion 3rd to 

(6) Depiession 270 miles 8 of Calcutta 

3 2 

8*0 

5th Oct 1931 

(c) Depression 95 miles SW of Calcutta 

3-2 

8*8 


(d) Depression crossed coast between Balasore 
and Saugar lid 75 miles SW of Calcutta 

3-2 

1*8 

3. Bay depres- 

(a) Shallow depression 435 miles SSW of Cal- 

Inappreciable 

Inappre- 

sion 24th to 

cutta. 


ciable. 

27th Oct. 

(&) As depression 320 miles SSW of Calcutta 

Do. 

Do. 

1931. 

(c) As deep depression 270 miles south of Calcutta 

3*3 

3*6 


{d) As deep depression 230 miles south of Calcutta 

3*3 

4*2 


{ e ) As deep depression 105 miles south of Calcutta. 

3 8 

3*0 


(/) As depression 130 miles S of Calcutta 

3 

1*8 


(gr) Depression unimportant, 130 miles south of 
Calcutta. 

3*3 

1*4 

4. Bay severe 

(a) As depression 400 mile* SSW of Calcutta 

3 8 

2*4 

storm 23rd to 
24th May ’32. 

(6) As deep depiession 380 miles SSW" of 
Calcutta. 

3-5 

2*8 

(c) As storm 290 miles SSW of Calcutta 

3*5 

6*4 


(d) As severe storm 110 miles SSW of Cal- , 
cutta. 

3*3 

13*0 


(e) Severe storm crossed coast 50 miles SSW 
of Calcutta. 

3*5 

17*2 

5, Bay deep de- 
pression 18th 

(a) As shallow depression 200 miles south of 
Calcutta. 

3 8 

2*6 

to 21st Jul. 

* ’32. 

( b ) As deep depression 200 miles south of Calcutta. 

3*2 

2*6 

(c) As deep depression 165 miles SSW" of Calcutta. 

3*2 

3*4 


(d) As deep depression 110 miles SSW of Cal- 
cutta. 

3*8 

2*8 


(e) As deep depression 130 miles SW of Calcutta. 

4*3 

2*4 

6. Bay depres- 

(a) As depression 325 miles SSW of Calcutta 

3*8 

2*0 

sion 31st to 

( b ) As depression 295 miles SW of Calcutta 

! 3*8 

2-6 

1st Aug. 5 33. 

(c) Depression crossed coast 285 miles S W of 
Calcutta. 

4 

2*6 

7. Bay storm 

(a) As storm 315 miles SSE of Calcutta 


Inappreciable, 

18th to 21st 

(5) As storm 285 miles SE of Calcutta . 

4 

i 1*2 

Sep. ’33. 

(c) As storm 170 miles SSE of Calcutta 

4 

2*0 

( d ) As storm 105 miles SSE of Calcutta 

3*5 

2*0 


(e) Storm crossed about 55 miles SSW of Cal- 
cutta. 

4 

1*8 

8. Bay depres- , 
fiion 10th, ! 

11th Jul. ’37. | 

(a) As depression 240 miles SSW of Calcutta 

4*3 

1*6 

: (b) As depression 190 miles SSW of Calcutta 

4 

1*6 

(c) Depression crossed coast 190miles SW of 
Calcutta. 

3*8 

1 

2*4 

9. Bay storm 
22nd, 23rd 

Jul. ’37. 

(a) As deep depression 240 miles south of Calcut- 
ta. 

5 

2*8 

(6) An deep depression 200 miles south of Calcutta. 

4 

4*0 


(e) As storm 130 miles SSW of Calcutta 

3*3 

10*4 


(d) Storm crossed coast 130 miles SW of Cal* 
cutta. 

3*8 

12*0 



78 


S. K. BRAMANIIC AND OTHERS 


Table 10. 


Increase oj amplitude on approaching coast. 


1 

Depression or storm with 
dates taken. 

Successive 
distance and 
hearing m 
miles from 
Calcutta, 

| 

Nearest coast and dis- ' 
tance m miles from it. 

Ampli- 

tude 

(Mi- 

krones). 

Remar^ 

1. A deep depression 24th 

165 SSW . . 

75 Orissa-Bengal 

2-0 


to 25th July 1932 in 

190 SSW .. 

75 Orissa . . 

2-6 


Bay. 

190 SSW .. 

Crossed Orissa 

3-2 


2. A depression 2nd to 

250 SSW . 

80 Orissa . . 

Inappre- 

1 

3rd Sep. ’32 in Bay. 



ciable. 

? 


280 SSW . . 

55 Orissa . . 

2*0 

! 


250 SSW . . 

Crossed Orissa 

2*6 

i 

3. A depression 10tt to 

240 SSW . . 

120 Orissa . . 

1*6 

! 

j 

11th July ’37 in Bay. 

190 SSW . . 

65 Orissa . . 

1-8 



iso ssw . 

Crossed Orissa 

2*6 


4. A deep depression 27th 

440 S 

340 Orissa . . 

1*2 

i 

to 29th Sep. ’ 38 in 

480 SW . . 

165 Circars 

1*4 


Bay. 

555 SW 

85 Circars 

1*4 



635 SW .. 

Close to Circars 

1*6 

i 


635 SW . . 

Crossed Circars 

2*2 


5. A storm on the 29th 

110 S 

70 Orissa . . 

8 6 

l 

Aug. ’39 in Bay. 

115 SW .. 

Crossed Orissa 

13*6 

i 

6. A severe cyclonic storm 

1230 WSW. . 

220 Konkan-Kanara 

1*8 

1 t 

i A deep depression. 

15th to 16th Oct. 

1200 WSW . 

150 Konkan-Kanara 

2 4 

| A storm 

*40 in the Arabian Sea. 

1200 WSW. 

150 Konkan-Kanara 

4*6 

A severe storm. 


1100 WSW.. 

70 Konkan-Kanara . j 

6*2 

! A severe storm. 


1000 WSW. . 

Close to Konkan coast 

15 4 

A severe storm. 



near Bombay. 




1000 WSW. . 

Passed inland but very 

4 6 

Weakened into 



I near Konkan coast. 

: 

storm. 

7. A depression 12th to 

1 245 SSW . . 

| 95 Orissa . . 

1*2 


13th Aug. ? 40 in the 

! 320 SSW . 

| Near Orissa coast . . ■ 

2*2 


Bay of Bengal. 

320 SSW . . 

' About to cross coast 

5-2 



320 SSW . . 

j Passed inland 

4*4 

i 
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Table 11. 


Microseisms and similar disturbances in the same locality. 


Depression or stoim with date. i 

Position (distance and j 
bearing from Calcutta), j 

| 

Amplitude 

(Mihrones). 

j 

Deep depression in Bay, 20-7-32 . 

110 miles SSW 

* « 

2*8 

Deep depression m Bay, 27-9-37 . 

Do. 

1 

4-6 

j Deep depression m Bay, 21-7-39 . . 

Do/ 


2*6 

Storm in Bay, 23-6-39 

110 miles SSW 


3*8 

Storm m Bay, 29-8-39 

Do. 


8-6 

j Shallow depiession m Bay, 1-7-31 . 

110 miles SSW 


2*2 

j Shallow depression m Bay, 20-7-39 

Do. 


1*8 

Storm in Bay, 7-7-40 

J 80 miles S 


4*4 

Storm in Bay, 14-10-37 . . 

j Do. 


41*2 

Storm m Bay, 23-6-39 

j 

| 110 miles S 


4*8 

j Storm m Bay, 29-8-39 . . 

Do. 


11*0 
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Table 12. 


Position of disturbance when maximum amplitude was recorded. 


JDate when am- 
plitude was 
maximum, i 

Nature of disturbance. 

i 

, i 

Distance from Calcutta when 
the amplitude was maximum. 

Amplitude 

(Mikrones). 

10-5-1931 

Storm 

400 miles SE 


. . 

2*2 

20-8-1931 

Storm 

90 miles SSW 



3*4 

4-10-1931 

Shallow depression . . 

270 miles H 



6*4 

24-6-1932 

Severe storm 

50 miles E . . 



21*6 

24-10-1932 

Storm 

370 miles SSW 



3-0 

1S-12-1933 

Storm 

900 miles SW 


i 

2*4 

4-10-1936 

Severe storm 

190 miles SW 



10*0 

23-6-1937 

Storm 

240 miles ESiC 



16*6 

11-7-1937 

Depression . . 

200 miles SW 


.. 

2-6 

20-7-1937 

Storm 

130 miles SW 


•• 

14*6 

14-10-1937 

Storm . . . . . 

80 miles SE 


. . 

1 41 *2 

29-9-1938 

Deep depression 

650 miles SW 



0.0 

! - “ 1 

9-10-1938, 

Severe storm 

250 miles SW 


.. 

7*8 ! 

25-11-1938. 

i 

| Severe storm 

640 miles SW 



2*4 ! 

| 

23-6-1939 

Storm 

| 110 miles S 

*• 


4*8 

29-8-1939 

Storm 

110 miles S 


•• 

11*0 

7-12-1939 

Severe storm 

600 miles SSW 


.. 

4*8 

29-6-1940 

Storm 

160 miles SW 


*• 

5*8 

2-8-1940 

j Storm 

50 miles E . . 



5-6 

27-8-1940 

Depression „ . 

60 miles SE 



5*4 

16-10-1940 

i 

j Severe storm . . 

1,000 miles WSW 

.. 

•* 

15*4 
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Table 13 . 


Intensification of disturbance without movement . 


No. 

Date. 

1 

! 

Hours. 

1 

Stages. J 

Distance from 
Alipore (Miles) 

Amplitude 
(Mikrones). J 

! 

1 

1 

1 

14-6-1933 

17 

As storm 

250 SSW 

w ! 


15-6-33 

2 

As storm 

Do. 

2*2 

2 

I 

24-7-1933 

8 

As shallow 
depression 

155 SE 

1-6 | 
I 

f 

24-7-1933 

17 

As depression 

Do. 

2-4 

3 

2-8-1933 

17 | 

As deep depression 

210 S .. 

2-8 


2-8-1933 

23 

i 

As deep depression (It then 
moved and became storm 
by8hrs of 3-8-19 about 
110 SSW of Alipire). 

Do. 

4*4 

t 

4 

22-6-1937 

I 23 1 

As deep depression 

240 ESE 

4*8 


23-6-1937 

8 

As storm 

Do. 

6*4 


23-6-1937 

17 

As storm 

Do r 

16*6 

5 

27-9-1937 

20 

As deep depression 

110 SSW 

2*8 


27-9-1937 

23 

As storm 

Do. 

4*8 

6 

9-10-1938 

14 

As storm 

250 SW 

7*0 


9-10-1938 

19 

As severe storm 

Do. 

7*8 

7 

20-7-1939 

8 

As depression 

110 S .. 

2*0 


21-7-1939 

8 

As deep depression 

Do. 

2*8 

8 

30-6-1940 

2 

As deep depression 

90 SSE 

2*2 

! 

30-6-1940 

8 

As storm 

Do. 

i 

2*8 

i 9 

2-8-1940 

2 

As depression 

' 60 SE 

2*8 

! 

\ 

2-8-1940 

8 

! As storm 

I 

Do. 

4*0 

1 
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Table 14. 


Disturbances crossing coast. 


! 

Nature of disturbance 
and date. 

Hour. 

Location of disturbance. 

Ampli- 

tude 

(Mi- 

krones) 

“ 1 

f 

| 

Remarks. i 
1 
1 

X. Storm 24-5-32 

11 

Crossing 8. Bengal coast near 

17*0 

! 



San gar lid. 




34 

Crossed coast and 50 miles 

21*0 




east of Alipore. 


\ 


17 

75 miles ENE of Alipore 

12 0 

Weakening. 

2. Depression 11-7-32 

8 

Depression about to cross 

4 2 




coast between Balasore & 





Saugar lid. 


I 

l 

17 

Passed inland 

3-8 

Weakening. 1 

i 

22 

Orissa 

2*6 

Weakened fur-| 

i 




ther. i 

3. Storm 15-6-33 

17 

About to cross coast bet- 

2*6 

i 



ween Cbandbali and Bala- 





sore. 



it 

23 

Crossed coast & weakened . . 

2 


16-6-33 

8 


1*8 

Weakened fur- 





ther. 

4. Severe 17-11-33 

17 

About to cross coast between 

2*8 


storm. 


Nellore & Masulipatam. 



| 18-11-33 

2 

Passed inland 

1*8 


B. Storm 23-7-37 

17 

About 50 miles from Orissa 

11*0 




coast. 




20 

About to cross coast between 

14*6 


j 


Cbandbali and Balasore. 



24-7-37 

2 

Passed inland and weakening 

12*0 


*» 

8 

A deep depression over Orissa 

6*4 


6. Severe 9-10-38 

19 

About to cross coast 300 

7*8 


storm. 


miles SW of Alipore. 



10-10-38 

8 

Passed inland near Gopalpur 

5*2 


a 

17 


3*8 

Weakened fur- 

1 




ther. 

7. Storm 29-8-39 

17 

Storm crossing Orissa coast 

13*6 




near Balasore. 



30-8-39 

2 

Passed inland 

6*8 



8 

• • • • 

5*0 

Weakened fur- 





ther. 

8. Depres- 12-8-40 

17 

Close to coast near Gopalpur 

2*0 


sion. 





13-8-40 

2 

About to cross coast near 

3*6 




Gopalpur. 



99 

8 

Crossed coast 

4*4 


i 

n 

.... 

3*6 

Weakened. 

S if 

14 

• « « « 

3*0 

Weakened fur- 

f 




ther. 
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DEGRESSION OP CLIMATIC ELEMENTS ON LATITUDE, LONGITUDE AND 

ELEVATION IN INDIA. 

PART I— Mean Temperature. 1 * 

BY 

P. JagaMathan. 

[Received on 11th February 1946.) 

Abstract . — The paper clevis with the relationship between the position and altitude of a place and 
the average temperature conditions prevailing there. The mean monthly and annual temperatures at 
167 meteorological stations in India have been correlated with their values of latitude, longitude and 
altitude. The regression formulae expressing the mean temperature in each month and the year in 
terms of the latitude, longitude and altitude have been evolved and discussed* The multiple correlation 
coefficients obtained are all high ranging from ‘87 to *97. The computations have also been carried 
out separately for the four portions into which India has been divided by the tropic of Cancer and the 
meridian of 78°E. One remarkable fact noticed is that the regression coefficients on altitude in all the 
regions and in all the seasons are very significant and are fairly uniform varying slightly about a value 
of 3°F per 1000 ft*, which is the value of the normal lapse rate of temperature in the free atmosphere. 
The analysis was repeated for different ranges of height and it was found that the dependence of 
temperature on altitude was significant only in regions above 1000 ft. 

* Abstract of the paper was read before the Indian Science Congress in 1939. 
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bt 


hi 


From (3) we see that as =*= b l5 — 


= 1> 2 and 


6t 

ST? 


3SS bj. 


The partial regression coefficients are actually the gradients uf tempera t tire towards 
north, towards east and vertically upwards. It can be readily seen that (!) gives 
the equation of the isothermal surfaces as computed. The mean sea level isotherms 
are given by the equation : 

T=A+b 1 L+h 2 1 (4) 

tan' 1 b i / / b 2 * s the angle which the isotherms make with the meridians and X/Vb^-f-b/ 
is the distance between consecutive unit isotherms. 


Regression Coefficients . — The coefficients b l5 b 2 and b 3 in equation (3) for each 
month and the year were determined in the usual manner by solving the noimai 
equations ; 

b rl S<p 2 + b r2 3 9 X-f b r3 S?li= f5) 

b r iS 9 ^ + b^S ^ 2 + r gS^b — % Xt. " *’ ^ 

b rl S9b+b t2 ShX+ b rg Sb 2 = Sbt r (7) 

where r represents the particular month or year. 

The summations extend over the values for the n stations. 


To simplify the computations involved in repeating the process thirteen times 
(twelve months and the year) the following method due to Fisher ( 10 ) was used. 
|For a fuller account of this method see Fisher's book, section 29). 

By solving the three sets of simultaneous equations : 


bri^? 2 + b r2 ^<pX + b rg 5 q>b = i, 0, 0. 

• a 

(8) 

b 1 S?x + b 2 ^x* 4- b r3 sxh = 0,1 0. •• 

♦ fc 

(9) 

r] S?b+ b r2 SXh + b r3 S h 2 = 0,0, L ” 

«■ & 

.. (10) 


we get at the matrix of multipliers : 
b x — xn u , m 12 , m 13 ' 
b 2 =m 12 , m^, 
b 3 =m 13} m s3> m 33 * 

The partial regression coefficients of normal mean temperature in any month* 
m latitude, longitude and altitude can be readily obf-imd as : 


b rl m i 1 ^ ?t r m i2 ^ Xt r m i3 ^ bt 'r 

• * 

9 * 

.. (id 

b r2 = m !2 S ?t r + m 22 S Xt r + m 23 S bt r 


* « 

.. (12; 

b r3 + + 


* m 

(13) 

The standard errors of the regression coefficients are 

obtain' d by determining the 


values of s\/m u? end where s, which is the residual standard error. 


* Jn fact any element associated ’tvitb. tlie stations selecte d, e g., picsuue, humidity, rainfall etc. 
he treated m a aln ilar manner. 
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fs the square root of the sums of squares of differences of the calculated values from 
the observed values divid'd by tire Humber of degrees of freedom iema : ning after 
fitting the formula, i.e . \ 

This can be readily seen to be equal to | 

l< St 2 - b; tot— b a SXt— b 8 Sht >/(n- 4}] 
where, t and t' represent the deviations of observed and calculated temperatures 
from the mean values. 

The multiple correlation coefficient E is computed from : -J 
U *=<( (b x 5<pt + b 2 SXt+baS’itJ/S^V" 

5. Discussion of remits. — In the first place, the whole area having a range of 
latitude from S°3Sf to 36°K*, longitude ft cm 66 C E to 95 C E and height upto 11.500 ft, 
has been considered as cn f " unit and the regression foimulae expressing the mean 
temperature in terns of the latitude, longitude and altitude were evolved. 

The matrix of multipliers used for evaluating the regression coefficients and 
their standard errors is given below : 

/ I 

4-419995 — 0-229758 — 0-252595} 
r-fl * 229758 4 * 431427 0 • 243591 j 

f—0 - 252595 0 * 243591 0 * 154482 ! 

The regression coefficients thus calculated, their standard errors and the multiple 
con elation coefficients obtained ior the various months and the year are given in 
Tab ] e3 . 

The regression on altitude is highly significant* through out the y^ar. Except 
m M< j in the case of latitude and in February, March and April in the case of longi- 
tude the coefficients arc significant. The seasonal variations of the three regression 
coefficients and the multiple co -.relation coefficients are shown in Fig* 2. From Fig. 
2(d) showing the seasonal variation of the multiple correlate n coefficient, it is seen 
that the temperature distribution over India can be estimated with greater accuracy 
bom the regression formula during the months October to February than during 
the rest of the year. 

The regression on latitude has a simple seasonal variation. Temperature 
gradients towards north arc negative and steep in winter. The steepness of the 
gradient decreases as the Sun ascends the ecliptic, i.e., the region rends to be more 
miformly heated. During the period June to September, the vast mss of the land 
irea, the Sun’s meridian altitude and the length of the day all aid the heating of upper 
ndia while the southwest monsoon drenches and cools the southern areas more., 
Pirns we see that during this period the temperature increases towards north. 

The regression on longitude is negative throughout though very small. During 
he period May to July the effect is pronounced, indicating that western portions 
re more heated than the eastern. 

It is seen from Fig* 2(c) that the regression on altitude is fairly of the same order 
breughout the year fluctuating slightly about an annua] value of 3°*27F per 1000 ft, 
t can be seen how it compares with the lapse rate of temperature obtained in the 
*ee atmosphere (viz,, 3°F per 1000 ft,), 

* If the regression coefficient is more than double the standard error it is considered xa> be sign!* 

3ant.' It can be seen that this criterion corresponds to P=*G5, 
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8* Regional peculiarities. — The results so far discussed refer to the aveiagft 
conditions over the whole of India. Broadly India may be divided into two regions. 
The Indo -Gauge tie plain bordered on. the north by the great Hmia layrn range and 
its off-shoots, lies mainly m the temperate zone. Peninsular India lying between 
the Arabian sea and the Bay ei Bengal is in the tropics. A further division of 
these two into East and West regions is suggested by the presence of the dry arid 
Thar desert in Northwest India, the fertile Gangetir plains of the Northeast, the 
Arabian sea and the BtyofB ngal on cither side of the Ptninsula. The country has, 
therefore, been divided into four regions fov the tropic of CVncer and the 78th east 
meridian. The number of meteorological stations available in each of them is as 
follows : 

Region 1—42 stations in the western half of the pen : nsula, 

Region II — 40 stations in the eastern half of the peninsula* 

Region III — 45 stations in North-ea^t India and 
Region IT— 40 stations in North-west India;. 

The computations hive been repeated in all the four cases. The matrix of 
multipliers obtained for each region i s given below * 

Region I. 

48*659355 44*155316 1-020^8 1 

44 055316 183*194571 —4 647735! 

1 0264(8 — 4 647735 , I C6u499 ] 

Region II. 

10 - s 139 282328 - 136 <.01683 —30 1497451 

—136*001683 179 166640 36 433218 

—30 149745 33*413218 12 052940 

Region HI. 1 

10 ~ s 351 * 641798 30 • 030265 —8*422430 

20 030265 32 663480 0 677198 

— 8* 422420 0 677198 0*951501 

E~gion IV. 

86*197149 —8 568009 —2 971527 

— 8*568009 67 938229 —0*035352 

—2 971527 —0*065352 0 379607 

The regression coefficients, their standard errors and the mult .pie correlation 
coefficients in each case have been tabulated in Tables 4 to 7 and have been graphi- 
cally represented in Figs. 3 to 6 . 

Region I— In the winter months temperature decreases whereas during the 
rest of the year it increases with increase of lab iude. There is an increase of tem- 
perature with longitude except in November and December when the value ot b 2 is 
insignificant. The maximum horizontal temperature gradient towards east occurs 
during the summer. The regression on altitude is fairly uniform throughout the 
year with very slight fluctuations about the annual value of 3° 181 per 1000 ft. 
The multiple correlation coefficients range from 83 in March to “97 in November. 

Region II. — Temperature decreases towards norrh during November to Febru- 
ary and increases dining April to June. During the rest oi the year the north to 
south gradients are weak or indgmffcant. Temperature gradients towards east 
are negative dining January to June with steepest gradients in May and insignificant 
during the rest of the year. The regression on altitude fluctuates somewhat irre- 
gularly about an annual value of 3*28°F per 1000 ft* 
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The interesting feature of this region fe that th v e multiph* correlation coefficients 
even though significant at the 1% point in all the months are smaller in 'March, 
April and J une ilm n in the other months indicating that the clevis tion of the isother- 
mal surfaces from the best fitting planes are greater during these months than during 
the rest of the year The setting up of an inflow of winds from sea to land in the 
coast'd districts and the location o I the region of highest temperature oyer Central 
Deco? n or slightly to the north of it during March and April account for the lower 
values of ‘ R ’ in these months. In May there is an impi overrent in, the value of 
£ hb 5 due to the feet that the region of highest temperature is shifted to the top left 
hand corner of the region and the coastal winds have got weaker m the process of 
their transfer mat ion, into the fouthwest monsoon system oi circulation. In June 
the heterogeneity is introduced by the onset of the southwest monsoon. 

Region III . — Except in June when we obtain a multiple correlation coefficient 
of • 9, the multiple correlation coefficients in the other months are fairly high ranging 
from *95 to '89. The regression on latitude is negative except during the monsoon 
months (June to September) when they are insignificant. Gradients get steeper as 
summer advances and fall off from April towards June. 

The regression coefficients on longitude are negative in all months except during 
Kovembor to Jenaary when they are insignificant. The variation of temperature 
with altitude is givafest in summer and least in winter though the monsoon slightly 
modifies the umfeimny hi the increase towards summer and the decrease towards 
winter. We get temperature gradients as low as 2° *13? per 1000 ft. in winter but 
the summer gradients lange from 2°*9F to 3°*3F per 1000 ft. 

Region /IT— -The multiple correlation coefficients are fairly high throughout 
ranging from -95 to 98. The regression on latitude is positive during tne monsoon 
season (June-* to September). During the rest of the year the values axe reversed in 
sign. The regression coefficients on longitude are negative during July to August, 
insignificant in June and September and positive during the Test of the year. 

The curve for the regression coefficient on altitude retains in general the same 
characteristics as are shown by the curve for the whole of India (Fig. 2(c)}. The 
temperature gradient is never less than 3°F per 1000 ft and attains a value of 4 ~ * 61? 
in the hot weather period. This can be contrasted with tne temperature gradients 
obtained in Region III where it ranges from 2°*1 F to 3° '3 IT per 1000 ft. 

7. lurther examination of the variation of temperature with altitude. — - 
Temperature gradients in the vertical are not the same at all heights. Wirii a; 
vrw to analyse the temperature gradients in different ranges of height the selected 
stations have been grouped according to height as follows : 


Range No. 

Heights 

Number of stations. 

I 

H 

in 

Stations below I000 / of elevation . . 
Stations below 3000' and above X000 r 
Stations above 3000' 

.. 109 

■ * « . 33 

25' 


The regression coefficients have been calculated for annual temperature in 
*aok mm* 
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T1-, matrices «d m tie .vatatioa of the reg.c«m oefflcieato «A tleB 
probable errors are given below ; 


Range I. 


0-879341 

—0-135526 

—0-380420 j 

—0-135526 

0-609337 

0-294074 \ 

—0-380420 

0-294074 

1-256132 l 


Range II. 


3-182328 

0-324985 

0-526966 

0-324985 

10-234195 

—0-118157 

j 0-526966 

—0-118157 

1-719198 


Range III. 


1 1-953080 

0-945366 

-0-175667 

0*945366 

5-075352 

—0*189156 

—0-175667 

— 0-189156 

0-113782 


The regression coefficients, their are given in Table 

coefficients obtained in each case m regard to annaal *mp- 

VIlL 

In range til tin- multiple c0 ^ !: ?|^^ 0 ^' ^’^^^^^^^^e^ofsta^on^consideied^s 
even at the 5% level but it must b. n > o <- Jn this range, however, we 

■***£* attd variatlon m 
temperature is mostly governed by the, difierene 

In range II. we obtain a multiple conelaticQ ewfficient^of *89^ 
gradient in the vertical is greater m this with latitude. 

L insignificant, but there is a significant decrease ot temper 

In the lowest, of tne height ranges, the L^fth^mS ratroma i.eTEthe ekva- 
it appears that latitude and longitude control the .cmpera.ure more 

ti*n. — 
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8. Comparison of calculated temperatures with the observed ones, filth 
a view to sec how far the mean temperatures calculated Horn the ^.a 
agree with the observed temperatures, the ‘anomalies of temperature 

fo OT tvp'jal months Jan April, .Inly ui OeM » *m «*» i S- 
anomaly curves were drawn. (Figs. 7 io 10). It mat-resting to note t-atthu anom 
alies are fairly small, say, within a degree or two Fahremreit. at most °f Gestation . 
They indicate the features, which contribute to the divergence and Urge cu. 
that occur are marked by orogiaphica] peculiarities. 
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Table I. 

Latitude, Longitude and Altitude of 167 Meteorological Stations in India. 


& 

Kc. 

Name of Station. j 

! 

Latitude. 

N 

Longitude. 

E 

Height ahcv< 
mean sea 
ie\ el. 

1 

BEGION L 1 

Bhuj .. .. .. .. .. 

23° 15' 

69° 48' 

Ft. 

343 

2 

Ihraraka .. .*► . • .« 

22° 22' 

69° 05' 

37 

% 

Jamnagar .. .. .. *. . • 

22° 29' 

70° 04' 

60 

4 

Bajkot mm mm • • * » • • 

22° 18' 

70° 50' 

432 

5 

V srEV&l • • •• • • * * •• 

20° 53' 

70° 26' 

19 

6 

Surat » • « • » • #* • * 

21° 12' 

72° 50' 

39 

7 

Bhamagar . . . . 

21° 45' 

72° 12' 

55 

8 

Ahmedabad .* .. *. 

23° 02' 

72° 35' 

lo3 

9 

Indore . . .. ^ 

22° 43' 

75° 54' 

1821 

10 

Akokt « • *»• • • • ■ * • 

20° 42' 

77° 02' 

925 

11 

Amraoti 

20° 56' 

77° 47' 

1213 

12 

Buldhana ■ . < • •• * • * • 

20° 32' 

76° 14' 

2134 

IS 

Kkand'Pra * . •• • ® . » * « « 

21° 50' 

76° 22' 

1044 

14 i 

1 Hcshangabad 

i 

22° 46' 

77° 44' 

992 

15 ! 

I Bombay .« » « * • ■ , • » 

18° 54' 

72° 49' 

37 

16 

i 

1 B atnagiri •» • ® «» * • •• 

16° 59' 

73° 18' 

207 

17 

1 

j Marmngao .. »• M 

! 

15° 25' 

73° 47' 

202 

18 

j Earwar *. *. 

14° 49' 

74° OS' 

44 

19 

HI ale ga on , , ®.» •• * • * » 

20° 33' 

74° 32' 

1430 

20 

J Abiseclnagar 

19° 05' 

74° 55' 

2154 

21 

| B oona « » «« • • » • • . 

18° 32' 

73° 51' 

1834 

22 ■ 

| Sholapur .. 

17° 40' 

75° 54' 

1570 

23 

Bijapnr • » »• •• » • * » 

16° 49' 

75° 43' 

1950 

24 1 

Bclgaum 

15° 51' 

74° 31' 

2562 

25 

Aurangabad 

19- 53' 

75° 20' 

1905 

26 : 

Bidar « . »« « « . « * « 

17° 55' 

77° 32' 

2165 

27 

0 111 bfilgA ■. * » a • •• • • 

17? 21' 

76° 51' 

1503 

28 

Raichur « « . * «■* ■ • . . 

1G° 12' 

77° 21' 

1311 

29 

Ckitollnig,. 

14° 14' 

76° 27' 

2405 
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Table I — corafi. 


s. 

No, 

Nam© of Station, 

Latitude. 

N 

Longitude, I 
E 

[eight abov® 
mean «e& 
level. 

30 

Hassan 

EEC I ON I —contd. 



13° 00' 

76° 09' 

Ft, 

3149 

31 

Bangalore . . 

•• 


•• 

12° 58' 

77° 35' i 

3021 

32 

Mysore 


•• 

•* 

12° 18' 

76° 42' 

2518 

33 

Mangalore . . 

.. 

«« 

** 

12° 52' 

74° 51' 

79 

34 

Calient 

.. 


* * 

11° 15' 

75° 47' 

27 

35 

Cochin . . 

,, .% 

• • 

•• 

9° 58' 

76° 14' 

9 

36 

Trivandrum 




S° 29' 

76° 57' 

200 

37 

Palamcottah 




8° 44' 

77° 45' 

168 

38 

f oimbatore 




11° 00' 

76® 58' 

1341 

39 

Brk try , . 

. . 



15° 09’ 

76° 51' 

1475 

40 

Mercara 



.. 

12° 25' 

75° 44' 

3781 

41 

Ootacamund 

* * mm 


•• 

11° 24' 

76° 50' 

7364 

42 

Kodaikanal 

& c » a 


* * 

10° 14' 

77° 28' 

7688 


I 

REGION II. 






1 

1 Chittagong 

. . 

•* 

• ' 

22° 21' 

91° 50' 

87 

2 

j Noakhali . . 

1 



* * 

22° 49' 

91° 07' 

22 

3 

} Barisal 

i 

» • »• 

.. 

•* 

22° 42' 

90° 22' 

12 

4 

Jessore 

• » 



23° 10' 

89° 13' 

26 

5 

Calcutta 

. * 

.. 

.. 

22° 32' 

88° 20' 

22 

6 

Saugor Island 

. . 

*• 

.. 

21° 39' 

88° 03' 

10 

7 

Midnapur . , 

• • 


.. 

22° 25' 

87° 19' 

140 

8 

Burdwan . . 

» . 



23° 14' 

87° 51' 

99 

9 

Bankura 




23° 14' 

87° 04' 

313 

10 

Krislniagar. . 

.. 

.. 


23° 24' 

88° 31' 

48 

11 

Balasore 



.. 

21° 30' 

86° 56' 

65 

12 

Puri 

. . * . 

, . 


19° 48' 

85° 49' 

20 

13 

Goprdpur . , 

. « 

» * 


19° 16' 

84° 53' 

56 

14 

! Cuttack 

• » * * 

a* 

«• 

20* 

85° 52' 

87 

15 

1 Sambalpur 

.. 

•* 

* 

21® 28' 

83° 58' 

48 
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Table I — canid. 


s 

Xi 

K&ms of StaLon. 

Latitude. 

N 

Longitude. 

E 

Height abovxD- 
mean sea. 
level. 

16 

REGION II — cordd . 

Furulia 

23° 20' 

86° 25' 

Ft. 

816 

17 

Eanchi 

23° 23' 

85° 2'j 

2152 

IS 

J ubbrJporex . , 

23° 10' 

79° 57' 

1289 

>9 

Seoni 

22° 05' 

79° 33' 

2027 

20 

Xagpur 

21° 09' 

79° 07' 

1017 

21 

Eaipur .. .. .. 

21° 14' 

81° 39' 

970 

22 

Chanua * » » *■ « *■ & » « • 

19° 58' 

79° IS' 

634 

23 

Kizamabad 

18° 40' 

7S° 06' 

1250- 

24 

Hyderabad 

17° 22' 

78* 27' 

1710 

25 

Kanamkonds 

i8° or 

79° 34' 

877 

26 

Parnlan . . 

9° 16' 

79° 18' 

37 

27 

Madura 

9° 55' 

7 S° 07' 

463 

28 

Kegap&tam * . 

10° 40' 

79° 5V 

31 

29 

TneMnopoIv 

10° 49' 

78° 42' 

255- 

30 

Salem 

11° 39' 

78° It 

913, 

31 

Cuddalore .► 

11° 46' 

79° 46' 

39 

32 

Vellore 

12 C 55' 

79°‘ 09' 

7ta 

33 

i 

Madras- ... .. . . 

13° 04' 

80° 15' 

22 

34 

Cuddapabr .. 

14° 29' 

78° 50' 

428 

35 

Kumool .. 

! 

15° 50' | 

78°' 04' 

923 

36 

Kellor© .. .. .. .. 1 

14° 27' 1 

79° 59 r 

66* 

37 ! 

Maanlipatam 

FT 11' 

81° 08' 

10 

33 

Ooean&da .. 

16°“ 57' 

82* 14' 

2& 

39 : 

Vlzagapatann 

17° 42' 

83° 18' 

120 

40 : 

PacEmarlii 

22° 28' 

78* 26' 

35-8 

j 

1 

1 ! 

1 

EEGIOK III. 

BibnigarE .. 

27 tf 2S' 

94° 55' 

34S 

2 : 

Sibsagar .. 

26° 59' 

94* 38' 

3X7 

3 ' 

Tezpur 

26* 37' 1 

92° 47' 

258 


’ Bhubri 

26° OF 

89* 

1X5 
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Table I — conid. 


8. 

No. 

Name of Station. j 

Latitude, 

N 

! 

Longitude, !H« 
E 

iiglit a boy® 
mean sea 
level. 


REGION III- 

-contd* 





Ft. 







24° 49' 

92° 48' 

96 

5 

Bilcliar 


• • 

• a 

» » 










23° 28' 

91° 11' 

36© 

6 

CJomilla 

* « 

- . 

* . 

« » 









J 

23° 37' 

90° 30' 

26 

7 ! 

Narayanganj 

• * 

• * 

3 * 

j 










24° 51' 

89° 23' 

©3 

8 : 

Bogra 

a o 

• * 

o « 











24° 40' 

90° 24' 

62 

9 

Hymensingh 

•• 

• * 

• • 

* * 










24° 22' 

88° 36' 

70 

10 

Rampur Boaiia 

** 

•• 

* » 

* * 










23° 37' 

89° 51' 

27 

11 

Faiidpur . . 

• • 


0 « 

* ® 










24° 08' 

88° 16' 

62 

12 

Berhanipor© 

*• 

• * 

. • 











25° 02' 

88° 08' 

10S 

13 

Malda 

« » 

« * 

. • 











24° 27' 

89° 45' 

49 

14 

Siiajganj . . 

* 6 

« * 












25° 38' 

88° 38' 

123 

15 

Dxnajpur . • 

• » 

« » 

' * 

. . 










25° 45' 

89° 15' 

123 

16 

Rangpur . . 

• * 

« * 












26° 32' 

88° 43' 

271 

17 

Jalpaiguri .. 

a & 

« » 












23° 59' 

85° 22' 

2006 

18 

Hazanbagli 

fr * 



ft * 










CO 

o 

o 

<N 

84° 04' 

725 

19 

Daltonganj 



8 8 











2C° 46' 

87° 28' 

124 

20 

Purnea 

» * 

«» 


a * 










25° 15' 

GO 

o 

% 

160 

21 

Bhagalpur <• 

B « 



* » 










26° 10' 

85° 54' 

162 

22 

Dh&rbanga 

«*• 


* • 











| 26° 40' 

84° 55' 

220 

23 

Motihari 

. a 

* ® 

*• 


1 









25° 47' 

84° 44' 

1SI 

24 

Chapra 

* • 

* • 












25° 37' 

85° 10' 

173 

25 

Patna 

»• 

« * 












24° 49' 

85° 01' 

372 

26 

Gaya 

• • 

• * 


• * 





t 





24° 16' 

87° 15' 

489 

27 

' ISTaya Lumka 

>» 


** 

# * 










26° 45' 

83° 22' 

257 

2£ 

J Gorakhpur .. 

.. 



• * 










25° 18' 

83° or 

250 

2$ 

) Benares . • 

* > 


*«* 











25° 26' 

81° 50' 

309 

3( 

) Allahabad • • 

• » 

* ® 

**• 











26° 28' 

80° 21' 

m 

3: 

i Cawnpore . * 



•* 











26° 52 

80° 56' 

368 

3! 

2 Lucknow . * 




« 4 










27° 34 

' 81° 36' 

407 

3< 

3 Bahraicht » » 






l 

■ 
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Table I — contd. 


s. 

No. 

Xante of Station* 

Latitude. 

N 

longitude. I 
E 

[eight abovo 
mean flea 
level. 

j 

Si 

REGION HI— condtd. 

Jhans! .« .. *• “ 

25° 27' 

78° 35' 

Ft. 

824 

So 

Agra . . * * 

27° 08' 

78° 01' 

554 

S6 

Mainpuri •« . • *• •• *« 

27° 14' 

79° 03' 

616 

S7 

Bareilly 

28° 22' 

79° 24' j 

568 

S8 

Debra Dun . . • • • • * * 

30° 19' 

78° 02' 

2239 

S9 

Nowgong .. .« •• •» • • 

25° 04' 

79° 27' 

750 

4:0 

Sutna * * 

24° 34' 

80° 50' 

1041 

41 

S<mgor 

23° 61' 

78° 45' 

1808 

42 

Darjeeling .. 

27° 03' 

88° 16' 

7432 

43 

Katmandu . . 

27° 42' 

85° 12' 

43S8 

44 

Mukteswar •• . • •• : 

29° 28' 

79° 39' 

7592 

45 

Ranikiiet . . 

29° 38' 

I 

79° 29' 

■ 

6070 

1 

REGION IV. 

Meerut • • • • . • • • 

j 

29° or 

77° 43' 

733 

2 

! Roorkee 

29° 51' 

77° 53' 

899 

S 

i ^ ... 

, Demi ** *. •« *• * * 

2S 6 39' 

77° 15' 

714 

4 

| 

» SlFSa mm •* * • * « * • 

29° 32' 

75° or 

662 

5 

Patiala •• # * * » » * * • 

30° 20' 

76° 28' 

813 

6 

Ambala •• • • * • • * •* 

30° 23' 

76° 46' 

892 

7 

Ludliiana .* .. 

30° 56' 

75° 52' 

812 

S 

Lahore * » . • •• * • * * 

31° 35' 

74° 20' 

702 

9 

Sialkot 

32° 30' 

74° 32' 

830 

10 

1 Rawalpindi 

33° 36' 

73° 07' 

1674 

11 

Khushab 

32° 18' 

72° 22' 

612 

IS 

i Montgomery .. 

30° 39' 

73° 08' 

558 

Vi 

l Multan . , .. . * * * 4 . 

30° 12' 

71° 31' 

413 
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Table I — concld. 


s. : 

Ko. 

Name of station. ^ 

latitude. 

N 

, s „ 

^ongituae, \ xL 

A_L 

eight above 
mean sea 
level* 


REGION IV— conld. 













EtC 






34° 05' 

74° 50' 

5205 

14 

Srinagar 

• * • • 

• * 

9 * 









34° 26' 

75° 46' 

10059 

15 

Bras 

• • • * 

• • 

* * 




1 





34° 09' 

77° 34' , 

1500 

16 

Leli 

» • • • 

* • 

» ♦ 









35° IS' 

75° 37' 

7505 

17 

Skardu 

* « * • 

• 8 

° 









35° 55' 

74° 23' 

4890 

18 

Gilgit 

. • • • 



34° or 

71° 35' 

1164 

19 

Pesbavar . . 

• • »• 

* * 










31° 49' 

70° 55' 

570 

20 

Dei a Ismail Khan 

« • • • 

• * 

. . 









30° 10' 

67° or 

5540 

21 

Quetta 




29° 02' 

66° 35' 

6616 

22 ‘ 

K®)at 

• • * • 

* • 










30° 35' 

66° 59' 

5150 

23 

I ishm 












28° 17' 

68° 29' 

1S6 

' 24 

Jacobabad . . 




25° 23' 

68° 25' 

96 

25 

Hyderabad (Sind) 

• « * • 



24° 48' 

C6° 59' 

13 

26 

Manora 

o » • * 



28° 00' 

73° 18' 

j 

i 762 

27 

Bikaner 

• • * • 











26° IS' 

73° or 

780 

28 

Jcdkpnr * . 




26° 55' 

75° 50' 

1431 

29 

Jaipur 

• * * • 



26° 27' 

74° 37' 

1593 

30 

Ajmer 

• • ** 



25° ir 

75° 51' 

S13 

31 

Kotab 












24° 14' 

72° 12' 

466 

32 

1 Beesa 








*. 




24° 28' 

74° 54' 

; I02o 

S3 

Neemuch . . 

* * • • 



31° 06' 

77° 10' 

7224 

34 

Simla 

• . • 9 

** * 


$0° 43' 

77° 54' 

6922 

35 

i Ch&krata . « 


* «s> 


33° 55' 

73° 23' 

7082 

3€ 

i Murree 

• * » * 

9 * 










33° 50' 

71° 54' 

4-<- 

37 

f Cherat 

«• * 9 











33° 52' 

70° 04' 

5673 

Zi 

l Paraehinar 

• • * * 



35° 34' 

71° 47' 

4723 

31 

} Brosh 

*»* * * 



24° 36' 

72° 43' 

3945 

4« 

9 Mount Abu 

*** * * 
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Table II. 

Normal Mian Temperature in t-enths of degree Fahenheit of 16/ Meteorological 

stations in India. 


Name of Station. 

Jan 

?eb M 

arch. 

A pi 1 

IlV. 

Jun. 

Tul j 

„ i 

^•S 1 

Sep 

i 

Cot 

N, j 

Dec 

Year* 

/ I. Bhnj 

86S 

i 

704 

789 

856 

ElEGTO 1 

8S9 

S' I. 

887 

846 

824 

834 

833 

1 

760 j 

6S4 

70S 

' 2. Dwaraka 

692 

707 

762 

805 

842 

857 

838 

815 

816 

816 

777 

710 

787 

5. Tamr-agtr 

666 

691 

767 

827 

872 

sso 

849 

824 

823 

822 

761 

683 

78S 

*4, R.jkot 

674 

703 

784 

855 

901 

888 

837 

817 

820 

820 

755 

689 

795 

5, Veraval 

707 

711 

752 

791 

824 

837 

818 

802 

800 

808 

783 

732 

781 

6. Surat 

721 

744 

812 

804 

880 

864 

826 

817 

822 

326 

779 

732 

807 

7. Bnavnagar . . 

635 

724 

805 

878 

916 

899 

860 

841 

841 

833 

771 

706 j 

814 

-g. Ahm^dabad . . 

713 

737 

821 

S94 

933 

911 

858 

i 

834 

845 

849 

792 

729 

820 

9. Indore 

649 

677 

764 

849 

S95 

855 

791 | 

770 

778 

762 

694 

G49 

761 

Id. Akola 

700 ' 

710 

823 

902 

945 

884 

820 

S04 

812 

795 

731 

684 

S03 

'll Amroiti 

717 

757 

834 

904 

930 

S7G 

809 

795 

803 

799 

746 

703 

807 

12. Bu’dliana 

700 

739 

814 

880 

895 

831 

775 

758 

781 

773 

725 

690 

779 

** 13. Klundwa 

685 

722 

810 

$97 

939 

SSO 

813 

799 

807 

793 

722 

674 

796 

14. Hoshungabid 

661 

1 701 

704 

885 

937 

894 

S18 

795 

803 

781 

703 

650 

vi- 

“!*>. Bombay 

74S 

1 

1 751 

787 

821 

851 

834 

810 

804 

804 

821 

SOS 

775 

sa 

18. Ratnsgtn 

770 

1 765 

796 

832 

853 j 

S20 

800 

796 

794 

812 | 

806 

784 ! 

' 8 (.2 

4 7. Mormagao 

772 

77S ! 

807 

841 

855 

821 

799 

7C6 

793 

805 

796 

, 777 j 

j 803 

IS. Karwnr 

762 

785 

70S 

834 

847 

807 

j 

791 

7S7 

735 

736 

787 

770 

j 701 

19. Mi’egfton 

692 

725 

803 

873 

900 

| 856 

S09 

795 

795 

! 795 

s 

728 

385 

1 

t 

20. Ahurdnagar 

6S6 

720 

737 

846 

866 

820 

7S1 

769 

771 

I 773 

j 

719 ; 

| CS1 

1 

1 70S 
i 

21. Poona 

70*2 

734 

800 

850 

858 

811 

769 

757 

766 

778 

| 731 

, 693 

* 71 1 

i 

*22, Slmlipur 

733 j 777 

844 

897 

906 

813 

807 

799 

797 

797 

j 753 

719 

j 806 

23. Bdnpur 

731 

775 

836 

877 

877 

818 

78S 

782 

784 

7S7 

741 

711 

7A2 

' 24. Bs’ganm 

707 

739 

7S7 

816 

807 

748 

717 

714 

72 4 

743 

720 

701 

744 

23. Aurangabad 

701 

738 

810 

87-i 

1 894 

835 

787 

l 

772 

778 

786 

734 

696 

784 

28. Ridar 

720 

764 

828 

871 

889 

825 

773 

753 

7bl 

771 

733 

703 

781 

j 

27. Ualbarga 

70S 

7S3 

850 

900 

914 

849 

808 

800 

800 

801 

755 

720 

SK 

j 

28. Eakdmr 

75{ 

803 

S62 

909 

913 

852 

817 

811 

807 

813 

773 

743 

821 

lb. Cliifcaldnig 

73: 

l 776 

824 

S4S 

, I 830 

782 

; 755 

733 

; 75S 

764 

737 

717 

77 

* 80. Haa s an 

69 

3 725 

1 768 

1 79c 

; 780 

735 

5 715 

1 717 

r 726 

730 

704 

682 

73< 

^81. Bangalore 

69 

2 732 

: 78C 

} 811 

> 805 

i 75< 

) . 741 

73 f 

) 740 

i 737 

710 

i €81 

r 74 

32, Mysore 

72 

1 70S 

5 80* 

5 82J 

> 80S 

i 7o; 

5 748 

i 75C 

) 754 

1 75? 

i 73-1 

l 711 

L 76 

1 83, Mangalore 

. 7® 

6 so: 

5 82- 

i ss: 

L 84S 

> 791 

[) 781 

7S5 

3 79; 

i so; 

> so: 

5 79’ 

7 l SI 
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Table TX — con id* 



34. Calicut 

35. C ic Via 

36. Trivandrum 

37. Palamoottab. 

38. Coimbatore 

39. Biliary 

40. yeicara 

41. Ootacamnnd 

42. Rodaucatiii 

1. Chittagong 

2. N'*akbali 

3. Barifal 

4. Jesse re 

5. CaWtia 

0. Saugor Island 
7. Minna pur 
g. Burdwan 

9 Banlmra • 

10. K.nsliiiagar , . 

11. Bah* ore 

12. Puri 

13. Gopalpar 

14 Cuttack 

15 SambaUmr .. 

10 Puruha 
^L7. Ranchi 

18. JubVmlporc . 
'' 19. Seoul 
‘20. Nagpur 
**21. Raipur 
**22. Chanda 
23. Nizam ab&d 
*^24. Hyderabad 


854 

S*2 

8vj6 

792 J 

795 j 80 

904 

900 

854 

831 

824 j SI 

738 

722 

C77 

655 

6 r >6 6£ 

616 

613 

583 

571 

578 *V 

619 

620 

595 

579 

579 5? 

I 

tEGIOX II 



808 

821 | 

818 j 

813 

811 8 

811 

825 I 

821 

818 

S15 S 

S30 

841 

S33 

830 

826 8 

854 

854 

847 

840 

ST* 1 

856 

861 

851 

837 

832 £ 

847 

860 

855 

841 

835 

883 

889 

861 

845 l 

839 

874 

875 

860 

847 

841 

890 

898 

878 

813 

S36 j 

864 

866 

S56 

j 843 

841 j 

862 

876 

857 

839 

834 j 

832 

854 

848 

838 

837 

825 

851 

850 

835 

833 

890 

906 

875 

843 

838 , 

: 

892 

937 

888 

■ 825 

820 j 

1 

880 

895 

j 869 

840 

830 1 

; 838 

869 

832 

791 

782 

5 856 

919 

884 

: 809 

r . Tj3 

1 852 

l S98 

, S5( 

) 782 

5 f 771 

3 9G< 

i 952 

S 89( 

) 8E 

7 807 

7 89' 

1 94 S 

i ss: 

1 8b 

0 803 

II 91 

0 951 

5 84 

4 82 

3 813 

>3 90 

0 93 

7 | 87 

1 81 

3 j 797 1 

>4 1 88 

;7 91 

6 ! 8E 

3 805! 792 


793 | 774 


731 


T 52 

798 

'38 

821 

564 

687 

546 

576 

550 

581 

67S 

771 

665 

770 

668 

181 

659 

us 

665 

788 

677 

794 

675 

802 

671 

79§ 

681 

798 

650 

783 

076 

796 

714 1 

805 

705 

797 

699 

817 

6C7 

802 

667 

*79i 

\ 

620 

749 

619 

705 

640 

i 761 

: 68C 

l 804 

m 

\ 797 

| 671 

5 807 

| 08 

g j 80» 

j 7Q4 j 80® 
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Table IT — conii. 


"Name of Station, j 

Jan. 

Feb. 

j 

Mar. S 
, 1 

Apl j 

1 

May 

] 

Jim. 

Jnl. 

Aug. 

Sep. 

Oct. 

Nov. 

Fee. 

f v 

t *ear. 

i 

r 

‘ 25. fianamkonda . . 

740 

782 

845 

1 

895 

BEGI 

934 

m ii- 

885 

-con Id. 

827 

816 

SIS 

SOS 

758 

722 

81 9 

i / » 

' 26 Fj mban 

785 

798 

827 

853 

862 

851 

843 

839 

839 

827 

806 

780 

826 

J 27, Madura 

783 

SlO 

S4S 

881 

890 

876 

867 

801 

852 

827 

801 

782 

840 

/ 

28, Negapatam .. 

770 

789 

825 

861 

891 

8 S 6 

872 

858 

847 

825 

795 

771 

832 

29, Trietonopolv 

776 

807 

853 

895 

902 

888 

876 

SOS 

855 

828 

797 

774 

84a 

*^30. Salem 

704 

800 

848 

886 

8 S 0 

850 

833 

826 

820 

807 

786 

7C9 

821 

31. Cudddore 

757 

777 

808 

853 

894 

894 

870 

855 

843 

818 

787 

764 

S27 

32. Vellore 

742 

778 

823 

877 

003 

882 

S57 

849 

837 

811 

709 

734 

S 22 

v* 3 *?, "Madras 

762 

778 

811 

853 

899 

901 

874 

860 

852 

823 

789 

707 

S31 

34 Cnddap-ib . 

768 

820 

8S2 

911 

945 

902 

820 

859 

848 

834 

791 

759 

851 

''36. Kamool 

744 

79b 

S61 

914 

928 

872 

834 

823 

819 

812 

768 

734 

825 

36. Mellore 

702 

796 

838 

886 

931 

917 

885 

874 

862 

835 

7S8 

760 

845 

S7, Ma^nlipatam 

746 

77G 

817 

861 

906 

893 

855 

846 

842 

825 

783 

748 

S25 

1 ‘ SS. CVicanada 

7S7 

77S 

829 

873 

905 

3« 

84S 

840 

S42 

821 

772 

734 

822 

$9. Vtoigapatam 

744 

"75 

810 

S40 

804 

857 

838 

835 

833 

822 

785 

745 

812 

40. Pa dm* ark i .. 

597 

G31 

720 

SO? 

S53 

738 

725 

70S \ 719 

693 

626 

583 

705 

I . Dibrngarfc. . . 

606 

635 

092 

725 

KEGICX 

776 f 800 

HI. 

1 811 

814 

806 

770 

699 

622 

730 

- r 2 . Sibsagar 

599 

630 

692 

738 

! 78* 

t 

| 824 

885 

831 

SIS 

774 

6S7 

610 

735 

3. Tezpur 

630 

039 

722 

733 

796 

j 827 

834 

834 

! 826 

7S:> 

i 

040 

751 

4. Dhubn 

635 

60S 

i 

744 

787 

797 

> 811 
} 

Sgi 

823 

814 

| 78b 

i 

as 

647 

704 

6 . Silclisr 

652 

GSi 

745 

783 

807 

1 

627 

836 

832 

Sou 

, 8o5 

704 1 


70S 

6. Camilla, 

658 

696 

781 

S23 

S29 

$25 

822 

820 

825 

j 805 

738 

606 

774 

7. Nhrayanganj 

666 

70S 

787 

830 

S35 

$35 

836 

833 

828 

j 816 

748 

076 | 

' 784 

v/ S. Bogia 

640 

t 

074 

706 

833 

833 

833 

£37 

835 

832 

1 $01 
i 

723 

652 

772 

“*9. Mvmcnslngh 

048 

678 

760 

809 

SIS 

823 

529 

829 

828 

' S04 

737 

662 

769 

10 Hampnr Boalia 

036 

672 

o ! 

S4S 

V 

S49 

843 

ESS I 

i 

835 

833 

8134 

721 

j 649 

: 775 

11. Fan dp nr i 

642 

678 

77 a 

; 830 

S32 

S3 3 

831 

829 

330 

803 

! 723 

653 

772 

12 . Berliampore 

651 

090 

7S7 ; 

| 

8 v> 

865 

S53 

843 | 

838 

S3S 

; 811 

! 732 

659 

‘ 780 

13, Malda 

627 

604 

737 

840 

856 

S53 

S44 

^43 

837 

; W 

716 

639 

! 773 

14. Sira j an j 

m 

670 

760 

| 831 

823 

827 

531 

S2S 

S 2 S 

v ( l 

725 

€53 

70S 

15. Blnajptir 

625 

660 

748 

818 

829 

838 

840 

838 

832 

797 

716 

641 

765 

1 & Eangpnr 

622 

650 

730 

803 

810 

824 

8 38 

835 

820 

795 

715 

608 

708 

17. J&lpaignri 

1 

624 | 

! 050 

i 

723 

7SG j 

808 

822 

828 

829 

SIS 

785 

714 

644 

753 
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Table II — contd. 


Name of Station. 

; 

Jan. 

Feb. 

Mar. 

1 

ApL 

May 

JUD. 

Jul. 

Aug. 

Sep. 

Oct 

f Nov. 

i 

! 

t 

i Dec. 

i 

Year* 

18* Hasnibagh 


620 

658 

757 

PJ 

830 

EGION 

876 

! 

III-co 

S46 

nfd. 

796 

787 

785 

753 

67S 

614 

732 

19. Baltongaoj 


613 

657 

750 

S5S 

925 

902 

849 

830 

827 

778 

686 

611 

774 

20. Purnea 


813 

652 

747 

829 

846 

845 

843 

838 

832 

794 

705 

626 

764 

21. Bat igalpur 


625 

6C5 

769 

851 

870 

850 

847 

840 

825 

799 

711 

633 

77 S 

^22. Dharbanga 


619 

851 

747 

833 

853 

S56 

845 

840 

838 

799 

713 

635 

769 

23 Motiliaii 


598 

630 

732 

824 

857 

856 

842 

837 

833 

785 

691 

612 

753 

24. Chapra 


616 

G53 

762 

858 

890 

882 

855 

843 

841 

800 

709 

628 

773 

4o. Patna 

.. 

618 

C59 

767 

862 

88? 

878 

852 

843 

842 

806 

714 

630 

730 

20. Gaya 

.. 

636 

683 

790 

887 

921 

899 

$55 

S43 

843 

S06 

715 

637 

793 

27. N ya D imka 

/ 

635 

6S0 

779 

866 

879 

857 

837 

830 

828 

794 

711 

636 

773 

28 GuifJvi par 

•• 

608 

618 

7a6 

805 

880 

S80 

850 

840 

838 

792 

697 

6 19 

772 

29 B-'-n.*res 


611 

C57 

765 

S68 

Q’9 

911 

860 

842 

840 

792 

692 

614 

781 

"30 Allaha 1 ad 


612 

657 

768 

874 

931 

924 

863 

843 

842 

793 

694 

617 

785 

y 

31. Cav»npore 


605 

648 

752 

863 

926 

925 

871 

S4S 

844 

792 

643 

614 

7S2 

32. LucLnow 


604 

617 

755 

SCI 

913 

915 

860 

846 

S41 

7SS 

686 

611 

777 

v 33. Bali: icIi 


Cv 0 

635 

734 

S39 

893 

889 

856 

S43 

S3S 

794 

638 

613 

769 

34. Jhausi 


035 

680 

790 

896 

960 

942 

SCO 

834 

S39 

814 

720 

647 

801 

35. Asia 


608 

65 3 

781 

S70 

939 

946 

830 

857 

854 

809 

705 

622 

792 

36. Mainpuri 


594 

634 

739 

S51 

936 

932 

$79 

853 

844 

792 

691 

60S 

! 779 

37. BareJly 


5S3 

624 

728 

835 

S96 

901 

856 

842 

833 

775 

674 

593 

761 

3S. Debra Bun 


( 554 

579 

670 

76S 

829 

841 

799 

784 

773 

717 

637 

572 

710 

39. 1ST o’n gong 


| 607 

652 

75D 

t64 i 

934 

926 

S47 

825 

824 

777 

676 

007 

| 775 

^40. Sutna 


615 

657 

759 

SCI 

924 

90S 

831 

811 

813 

771 

679 * 

j 

612 

| 770 

41 Saucor 


647 

6S0 

778 

867 

919 

1 SS3 

801 

7S2 

790* 

774 

702 

648 

| ?72 

42. Darjeeling 


412 

425 

494 

555 

5S5 

614 

624 

621 

607 

i 

559 

492 

431 

535 

43. Katmandu 


512 

540 

616 

683 

| 725 

759 

766 

761 

■ 747 

682 

590 

525 

659 

44. Mukteswar 


432 

431 

508 

591 

! 1 

642 

655 

i 640 

630 

616 

579 

511 

460 

: 558 

45. Banikhet 


487 

477 

568 

656 

698 1 

1 709 

[ 687 

! 674 

682 

617 

549 

501 

| 6 '5 

; 

1. Meerut 


575 

612 

716 

825 

REGION IV. 

893 j 910 

865 

847 

832 

766 

663 

I 588 

! 

758 

2. Roofk.ee 


564 

599 

60S 

S07 

8S0 

898 

I 

852 i 

837 

813 

749 

649 

573 

743 

3. Delhi 


590 ; 

832 | 

738 

854 

921 

935 

880 ; 

1 861 

851 

800 

| 695 

6B9 | 

831 

4. Sirsa 

; 

566 | 

607 j 

717 j 

835 

921 

902 

912 | 

894 

870 J 

! 797 j 

t 675 

586 * 

773 

5 5* Patiala 


561 J 

598 j 

700 J 

802 

89 1 

914 

876 ' 

858 

j S39 j 

771 

664 : 

; 1 

i 5 'G 

[ 754 
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liable XX — -conclct 


Name cf Station.. t 

! 

6. Ambala 
^7. Ludhiana .* 
"8. Lahore 
9 Sialkot 

' 10 Rawalpindi . . 

11 . Khushab 

12. Montgomery 

1 3. Multan 
1 4 Srinagar 

35» liras' . . 

30. Leu 

IT. Skarda 

IS. Orllgife 

ID. Pc a luwar 

"^0* Xtera 1 5 Mail . 

XTrvt 
J 2l Quetta 

22 KaTit 

23. Pwbih 

J 24 Jacobabacf . 

v £1 Hrd^rabad 
{^tnciV 
20 Manors 

x £7. Bikaner 

A 28. Jodhpur 

; £9. Jaipur 

SO. Ajmer 

SI Kotah 

** 82. Deesa 

'ASS. ISTeemueh 

34. Simla 

33. Chakrata 

36. Murree 

37. Gherat 

38. FarscMnar 
3& Drosh 

40. Mount *Atra 


'Feb. i Mar. 


! REGION IV— coat l j 


599 | 

_ 1 

697 1 

SOS 

895 

915 

873 

1 

593 j 

700 ; 

812 

S9S 

930 

889 

586 

? 

690 

S02 ( 

893 

938 

907 

576 

675 

790 

SS4 

929 

888 

532 

637 

727 

S31 

897 

874 

586 

684 

797 

903 

949 

926 

i 

593 ! 

699 

814 

920 

983 

939 

610 

720 

S30 

j 925 

963 

944 

362 

462 

554 j 

633 

707 

751 

56 

173 

260 

461 

573 

629 

214 

327 

429 

504 

583 

635 

\ 

234 

412 

522 

6X3 

689 

743 

495 

534 

625 

720 

SOI 

843 

5 13 

612 

728 

843 

920 

917 


513 j 313 1 612 728 

J j 

543 | 581 685 790 

399 421 512 597 

368 : 389 476 556 

3S3 417 501 501 

5 *5 685 732 S50 j 

G10 675 781 S6S 

671 634 747 793 

603 612 739 j S7d 


610 705 | 744 


; Aug. 

! 

Sep. 

Oct. 

Not. ! 

1 

Dec. !y«w. 

I 

S3 5 

836 

768 

659 

576 

753 

S70 j 

848 

778 

662 

574 

759 

SS5 

859 

777 

658 

567 

753 

864 

844 

770 

1 

652 i 

558 

748 

847 

813 

727 

609 

521 

709 

903 

875 

787 

666 

567 

766 

915 

879 

796 1 

678 

574 

777 

917 

891 

SOS 

691 

592 

78*3 

743 

669 

55S 

461 

375 

552 

i 633 

547 

419 

272 

123 

352 

; 631 : 

j 559 

j 447 

339 

243 

425 

1 746 

650 

| 53S 

417 

3ro 

516 

5 833 

755 

640 

524 

415 

627 

J 935 

S33 

733 

614 

528T 

724 

) 910 

875 

773 

652 

562 

762 

0 766 

677 

571 

! 4S9 

424 

589 

4 715 

631 

532 

465 

393 

551 

3 7S1 

633 

J 

572 

489 

; 411 

j 593 

3 934 

901 

814 

697 

1 602 

j 807 

i2 874 

S67 

840 

730 

| 

[ 654 

i 

! 808 
} 

:7 SIS 

811 

SOS 

| 758 

j 687 

> 778 

i 


60') 612 | 759 879 ! 919 j 963 j 922 893 SSI S37 | 720 | 024 I 805 

637 I 670 768 I 864 j 929 j 93) j 839 851 852 821 j 737 659 j SOI 

: 614 I 019 I 743 Sol j 921 | 926 | 837 839 S3S 798 | 707 630 j 782 


S49 | 018 ! 912 850 1 S20 S24 j 7S3 6S3 011 


613 087 1 79! | S92 967 003 j 826 S44 I 84S 


736 | 660 * 811 


793 ! 873! 922 j 914 | 803 j 827 838 822 751 | 691 


612 002 760 853 904 880 1 813 789 795 778 690 j 63S , 767 

412 411 493 578 651 669 646 630 612 570 504 j 446 5* 

430 438 , 519 602 604 671 651 642 631 590 523 j 473 569 

407 40S j 492 584 676 J 729 j 696 674 658 610 528 j 431 576 

414 1 463 j 536 j 638 766 I 834 804 780 750 | 676 576 j 482 646 


398 412 | 437 j 572 j 677 | 759 767 750 699 617 522 433 591 

I 39S 415 ; 489 1 590 | 707 J 803 348 ; 839 767 651 j 542 432 623 

. I 587 I 605 1 689 ! 764 , 793 ! TOO i 707 | 683 700 j 718 j 659 606 689 


m ! 700 718 i 659 606 j 6S» 
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Table TIL 

Partial Regression Co r ffirtenfs of normal mean temperature on Lai'* ude, Longitude 
and Aliunde of 167 meteorological stations in India. 


\ 


1 

1 

Partial regression coefficients of temperature on j 

Multiple 

correlation 

coefficients. 

R. 

Latitude. 

Longitude. 

Altitude. 

January 

— 19144; -0063 

— 0141 ± *0063 

— G310-L 0012 

•97 

February 

— 1855-4- -0069 

— 00884: -C0G9 

— 033OJ- 0013 

*96 

March 

— 13164- -0077 

— 0043 ± *0078 

• — 03514: *0014 

*94 

April . . 

— 0693 ± 0110 1 

— 01964: *0110 

— 03744: *0021 

•89 

May . . 

— 0022 ± 0097 

— 05654: *0097 

— 03784- 0018 

•87 

June . . 

4 .. 0644 ±*0073 

— 0676 4: *0078 

— 03484: *0015 

•88 

July . . 

4-* 0708 i *0060 

— 03664: *0060 

— 0294 4; *0011 

*99 

August 

-f *0596±-0054 

— 02524- 0054 

0282 4 : *0010 

*92 

September 

0324 4- -0044 j 

— OII 64 - *0044 i 

— *03154: *0008 

*95 

October 

— 0278 JL 0040 

— 0103 4 ; *0040 

— 03364: *0007 

1 

Kbveirber 

— 1028-1- 0046 

— 0129-4*0046 | 

— 03124: 0009 

-97 

December 

— 16C7i 0055 

t 

— 01884; *0055 1 

— 02914: 0010 
i 

j *97 

Annua 

1 

j — 05424 ; *0113 

— 0262 ± -0114 

" 1 " j 

— 0327 ± *0021 

-82 

1 


Table IV. 


Partial Regression Coefficients of normal mean temperature on Latitude , Longitude 

and Altitude of 42 stations m Region I. 


1 

Partial regression coefficients of temp rature on 

Multiple 

correlation 

coefficients’* 

B. 

Latitude. 

■ 

Longitude. 

Altitude. 

January 

— - 10194: *0137 

-f *09544; -0268 

— 03224: *0020 

-94 

February 

— 07034- '0174 

+ •167?+ 0339 

— 03154: *0026 

*90 

March 

+ •0170+ -0185 

4_. 230^4- -0363 

— 03114: *0027 

• SO 

Auril . . 

-f *1101-4*0179 

4_ .2961 ± *0351 

— 0315+ 0026 

* 92 

May . . 

+ •1739+ -0149 

4- -30424; *0291 

— *03334: *0022 

•90 

June . . 

4-. 1508-4*0146 

4-* 1645 ± *0285 

— 03264; *0022 

*96 

July 

+ -0721 + -OI50 

+ •0768+ -0293 

— 0824 ± *0022 

*94 

August 

-f .0403i *0145 

+ •0779+ -0284 

— 03254:*0021 

-94 

September 

■f- 04434: *0136 

+ -0831 + -0266 

— 032 I ± *0020 

*95 

October 

-f *0298 4; *0109 

+ -P431+-0214 

— 03164; *0016 

*96 

Foveirber # . 

— 05674; 0099 

— 0096+ -0193 

—•*03304; *0015 

•97 

December 

— 11234: *0123 

+ -0200+ -0241 

—03264: *0018 

-95 

Annual . , j 

-f *0243:4 *0112 

+ •1276+ -0218 

— 0318±-00I6 

i 

i 
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Table V. 


Partial Regression Coefficients of normal mean temperature on Latitude. Longfuds an& 

Altitude of 40 stations in Region II. 



Partial regression coefficients of temperature on 

| Multiple 

1 correlation 

Latitude, 

Longitude. 

Altitude. 

f coefficients* 

R. 

January 

— 1048 +*0157 

— 0690+ -0178 

— 0296+ 0046 

•97 

Feb”uary 

— 0622+ -0262 

— 0959+ *0298 

— 0351 +*0077 

•88 

March 

+ •0195 +*0238 

— 1035+ *0270 

— 0321+ 0070 

•78 

A p:il .. 

+ *088°+ -0265 

— 1572-J- 0301 

— 0903+ 0)78 

•69 

May 

+ .]44'± 0290 

— 2370±-0234 

— 0366+ *0061 

•88 

June . . 

+ .0514+ 0208 

— 11S4+-0236 

— 0309+ 0961 

•74 

July 

— <26v± 0151 

— 0iqi±-0172 

— 0319+ 0045 

•90 

Ana ust 

— (295+ *0135 

— 01 33+ -0153 

— 0342+ *0040 

• 93 

September 

— 0069+ -0097 

— 020 Q -i_.Q110 

— 0340+ 0023 j 

•95 

October 

— 01-10+ 0103 

— 019"' + OILS 

— 033°+ 0030 

•95 

November 

— 0945+ 0122 

+ •0910+ 0134 

— 02+ + *0+36 

• 97 

December 

— 1402+ 0183 

— 0077^*0208 

— 0209+ 0054 

•96 

Annual 

J 

— 0127+ *0122 

— 0762±-0139 

— 0328+ *0036 

•94 


Table VI. 

Partial Regression Co ffi 'lex's of noon'll me w t'-enpva'iire on Ljtknle, Longitude ar<d 
Al'hude of 45 stations in Region. ITT. 


Partial regression coefficients of temperatu *e one. 


Latitude. 


Longitude. 


Altitude. 


January 

February 
March 
April . . 
May . . 
June . , 
July . . 
August 
September 
October 
K«>v ember 
December 


Annual 


— L825+ <>256 I 

— 2lv + ‘>236 

— 2t»73dh 0213 

— 20914- 0256 

— 2109+ 0323 

— 0711+ 0619 
4--O320+ 0278 
+ *0.310+ <974 

— 0137+ 0163 ! 

— 08*27+ 01G5 1 
— ■* 10.87 +* 0288 I 
— 1312+ *0304 j 


— 1422+ 0264 


— 0085+ 007 S 

— 01944- -0072 

— 0661 + 00 15 

— U61 + 007 S 
— 1987+ 0098 
— 1787+ 0989 

— 0364+ 0085 

— 0251 + • 0053 
■ — 0330+ 0050 

— 0223d: *0050 
+ -0119+-Q08S 
+ •0055 4-- 0093 


— 0221 + *0013 

— 0259+ 0012 

— 0288 + 0011 

— 0310+ 0013 

— 0933 ±*0017 

— 0326+ 0032 

— 029S+ 0014 

— 0295+ -0009 

— 0301+ 0909 

— 0293 ±*0009 

— 0247+ 0015 

— 0212+ 0016 



— 0277+ *0014 


Multiple 

correlation 

coefficients. 



•97 
•98 
•99 
•98 
•98 
•90 
•96 
•98 
•99 
• 99 
•96 
•95 


*97 
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Table VTL 

Partial Regression Coefficients of normal mean temperature on Latitude, Longitude and 
Altitude of 40 stations in Region IV. 


: 

Partial regression coefficients of temperature on 

Multiple 

correlation 

coefficients. 

Pv. 

Latitude. 

Longitude. 

Altitude. 

January 

— 2.3884-0392 

4 *02784 *0348 

— 03244-0026 

*95 

Te binary 

— 21924- 0378 

4 03154 0336 

— 03544 0025 

*96 

March 

— 2275 ± 0307 

4 0583 4 * 0273 

— 0361+ 0020 

•97 

April . . 

— 3901-n- 0333 

4*09164 0296 

— 03904*0022 

*97 

May . , 

— 0795±-0290 

4*05814 0258 

— 04054 0019 

-98 

June . . 

+ •0697 4 0246 

— OO864 *0219 

— 03814 0016 

*97 

July 

+ 167S± 0267 

— O8I64 0237 

— 03204*0018 

• 95 

August 

4 * 17454 *0263 

— 06174 * 0233 

— 0313 4 0017 

•95 

September 

4. 071 S4 *0238 

4*02104*0211 

— 03454-0016 

*97 

October 

— 0800 4 0251 

4.045]4*0223 

— 03384 0017 

•97 

November 

— 3 6344 -0282 

4*025 7 4 0250 

— 03004 0019 

•97 

December 

— 2273 4*0348 

4 * 029o4 *0309 

— 0287 4 * 0023 

•96 

Annual 

— 0863 4-0227 

4*02974*0201 

[ 

— 034i4 0015 

1 

1 *98 

t 

1 


Table Yin. 

Partial Regression Coefficients of normal mean temperature on Latitude, Longitude and 
Altitude for the different range * of height. 


Range 

No. 

Partial regression coefficients of temperature on 

Multiple 
| coi relation 
coefficients. 
Bs, 

j Latitude. j 

Longitude. 

Altitude. 

1 .. 

— 05704*0052 

— 01964*0043 

*00624 * 0062 

•79 

h .. 

— 07014-0077 

•00554*0138 

— 0391 + -0056 

•89 

m .. 

<— * 03704 *0630 

— 02024*1014 

— 0366±-0152 



♦♦Insignificant at 5% level. 
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REGRESSION OP CLIMATIC ELEMENTS ON LATITUDE, 
LONGITUDE AND ELEVATION IN INDIA. 


PART H— DIURNAL RANGE OP TEMPERATURE. 

BY 

P. JAGANNATHAN 
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A bstmtt . — In this paper, the distribution of the daily range of temperature oyer India has been: 
studied* Regression formulae expressing the mean daily range of temperature in each month ard ih® 
year m terms of the latitude, longitude and altitude above sea level of the station have been worked out* 
The multiple correlation coefficients, i.e , the correlation betv een .he calculated and the observed value* 
h ave been found to be significant even at the 1% point except for a few in the case of the North western 
region. The excess of the calculated values over the observed ones have been charted, and these chart® 
indicate the features that should be given special attention, 
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Introduction. 


In tie previous part (Sc. note No* 121 ), we have discussed the distribution 
of average surface temperature over India by expressing it as a function 
of position and time and in this part the mean daily range of temperature 
has been studied in a similar manner. The aim is to represent all climatic elements* 
by a set of simple equations, which will facilitate easy computation of the 
different elements and recognition of the inter-relationships between them. 

There are two ways of reckoning the mean daily range of temp nature, (i) the* 
periodic amplitude meaning the dill er once 'between the mean temperature of tho 
warmest and coldest hour of the day. mid (m) the non-periodic amplitude meaning; 
the difference between the mean maximum and the mi an minimum temperatures' 
of the month obtained from the readings of the maximum v nd minimum thermometers- 
or from hourly observations. It can be easily seen that the non-periodic amplitude 
is always greater than the pei iodic amplitude and that tho disparity 
pronounced m winter. In this investigation, we are treating the non-periodicr 
amplitude as the data for the other are not available for all stations. 

It is well known that the diurnal rrnge, being the differ* nee between the maxi- 
mum and minimum temperatures, all factors which aff c-t the maximum and 
minimum temperatures affect the range as well, is directly associated with topo- 
graphy, the surface conditions of the soil, the distance from the sea and also tho 
latitude. Further, it is also knowm that the diurnal range of temperature is has in 
urban areas than in rural on *a, and m deserts and dry plateaus it is greatest. Above 
all the thermal structure of the low*, r atmosphere has a guiding influence on its dis- 
tribution. 

While what we are concerned wu h is the diurnal range of temperature at 4 ft et above 
the ground, it will be worth while to know how the same varies with bright practi- 
cally from the ground level to about 35 feet above the ground. This has been studied 
in the case of Poona by Ramdas( a ) after a long series of specially devised observations 
made at the Central Agricultural Meteorological Observatory, Poona. The iso- 
pleths of the ranges within this layer of 35 feet above ground drawB in Figure 7 of 
this reference brings out clearly the int resting fact that the diurnal range of tem- 
perature decreases rapidly with height m the ii st few inches above the surface and 
n ore and more gradually at higher levels and that the actual ranges and their lapse 
with height are generally high in winter and summer and low during the monsoon. 

For the distribution oi the range cf temperature, Oka da (C assuming the form 

R = a + b Cos. 9 + cn 4 ~ dw, 

where R is the range. 9 the latitude, n the index of continentality* and w the degree 
of cloudiness, has calculated the cocffi bents a, b > c. and d from the data of stations in 
Japan and Eastern China „ 

As long as any particular form is not supported by theory it is reasonable to as- 
sume that the diurnal range of temperature is a single valued function of position and 
time, or for any particular time as a function of the positional co-ordinates. Thus we 
represent the range of temperature T It as 
=Trt( 9 , X, h} 

-f terms of higher order. 

* la the index cf continentality was cal ulated from the formula n=. Lx 10/11 R 3 , whore R ig tho ra- 
dins of the circle described with the obsei\ing station at centre and L is the land area within this 
circle, using a value of 20 Km foi XI. 



HMMSSICW 01? CLIMATIC ELEMENTS. 


im 


As a first approximation, the distribution of the mean diurnal range of tempera- 
ture can be considered as a linear function of the latitude , longitude and altitude. 
On this assumption, the best coefficients of the variables m the equation can be worked 
'out by the usual method of least squares. For the method of analysis, the reader is 
referred to Sec. 4 of Part I. 

The latitude, longitude and height above mean sea level of the stations are given 
in Table I oi Part I ; the regions referred to have the same meaning as in Sec. 6 of 
Part I. The mean diurnal range of temperature (mean maximum temperature-mean 
minimum temperature) of the ] 67 stations are given region b} r region in Tables 
1 — IV. The matrices used m the calculations of the regression, coefficients are the 
same as mentioned in Sec. o of Pc it I The units used in the calculations are latitude 
I minute, longitude 1 minute, height 1 foot and temperature OT°F, the origin of co- 
ordinates being 8°N latitude, 60 C S longitude and mean sea level. 

The regression coefficients, their standard errors and the multiple correlation 
coefficients for the different months and the year have been tabulated in Tables 
¥ to VIII and have been represented graphically in Figures 1 to 4 , 

2. Discussion of results. — Region L — In the western half of the Peninsula 
— and as a matter of fact in the Peninsula as a whole — the regression on altitude is 
insignificant* meaning that the altitude of the station has no significant effect cn the 
diurnal range of temperature there. Throughout the year the diurnal range of 
temperature increases as we go towards north, the gradient being a maximum in April 
and November. The gradient decreases m value during the South-West Monsoon 
and becomes insignificant in August. The gradients towards East are positive as 
can be expected due to the presence of Sea to the West of the area under considera- 
tion. The gradient attains a maximum m May mid falls off later becoming insigni- 
ficant in December. The multiple correlation coefficients are fairly high and are 
significant even at the 1% point. There is however, a perceptible decline in the 
values of the coefficients during the period July to September. It can bo seen that 
during this period, latitude and altitude have practically no influence on the dis- 
tribution of the range of temperature. So in addition to the nearness to sea, which 
is given in the longitude term, there are probably other factors, which control the 
range, e.g ., the cloudiness and rainfall associated with the monsoon. 

Region II . — In the Eastern half of the Peninsula also the diurnal range of tem- 
perature is unaffected by the height of the station. The range increases towards 
North during the period October to May with a peak value of 1*5°F for every degiee 
increase in latitude in December. The gradients ate wiped out during the monsoon 
season and in fact the conditions are reversed no August, when the range of tempe- 
rature increases southwards. The regression cocfikknts on longitude are negative 
due to the presence of the Bay of Bengal to the East, with a maximum value in 
April and are insignificant in July and August. The multiple correlation coeffi- 
cients are significant even at the 1% point m all the months. 

Region III . — The regression coefficients on latitude are generally insignificant 
except m February and May win n the ra nges of temperature slightly decrease towards 
North. The range decreases towards East with maximum gi£ client in April-May 
and October. During the monsoon the gradients decrease m value and become 
insignificant in August. The range decreases with increase of altitude with a maxi- 
mum value of l-5°*3? for every 1000 ft., except in July, August and September 
when the lapse rates of the range are not significant. The multiple correlation co- 
efficients are significant at 1% point in all the months except August, when it is 

*“If tLe icgrc£s*cn cctfLc .ent is n.-jj c than dot! hie its standard error, it is censideied to be sigrur 
fieant. 
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significant at the 5% point. During the monsoon months there is a decrease in the 
value of the correlation coefficients. 

Region IV .— The gradients of the range of temperature along the meridians 
find parallels are insignificant except during the monsoon months wh/ n the 
range increases towards North and West. The range decreases with increase of 
height during the period November to April and in the other months the gradients 
are insignificant except in August when there is a slight but significant increase m the 
range with increase of altitude. The multiple correlation coefficients are 
rather low but are significant at the 1% point during the monsoon months and at the 
5% point in the other months except May. 

8. Anomalies ol ranges of temperature.— With a view to compare the 
Calculated ranges of temperature with the observed ones, the anomalies* viz., 
the calculated range of temperature— the observed range of temperature were calcula- 
ted for the months January, April, July and October. The facts brought out by the 
h Figures 5 to 8 are : — 

i. The calculated ranges of temperature are generally in excess of observed 
x>ne& on the coastal regions and hill stations ; 

ii. the divergences are more pronounced in April and January and much less 
In July and October. 

Hi. Orography plays an important part in the distribution of range of tem- 
perature. 

4. Conclusion.— A glance at the regression coefficients indicates that in the 
Peninsula, the diurnal range of temperature is unaffected by the height of the station. 
"The range generally increases towards north and towards the interior, i.e. } away from 
the sea. During the monsoon season the gradient tow* ,rds the north is wiped out due 
to the distribute n of cloud and rain but the proximity to sea still continues to wield 
its influence even though in a lessor degree. In Noifch India there is not much 
variation in the north-south distribution of the range. In the east-west direction 
during winter and summer, the range increases as wo go from Bengal towards Central 
Ind'a and does not have much variation m North-west India, while during the monsoon 
season there is a v^ry slight increase in the range towards Centra] India but 
further West it goes on increasing rapidly. The range decreases with increase 
of height except during the monsoon months when the lapse rates of the 
range are not significant ; in Northwest India during August there is even a slight 
increase in range with increase of height of the station. The packing of the iso- 
anomaly curves mar coast indicates that the influence of the sea is mainly confined 
to a narrow strip and further inland this influence decreases considerably. In hilly 
regions, special orographical features play an important part m the distribution of 
the range. 
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Table I. 


, Normal daily range oj ttmjpciature m tenths of degrees Fahrenheit. 

Region I. 


Name of station . 

Jan. 

Feb 

Mar. 

Aph 

May 

Jun. 

JuL 

Aug. 

Sep. 

Oct 

Nov. 

Dec. 

An- 

nual. 

1. Bhtq 

259 

265 

281 

286 

246 

175 

127 

122 

173 

254 

273 

269 

227 

2. Dwaraka 

183 

154 

114 

86 

78 

71 

62 

53 

78 

112 

181 

398 

116 

3. Jamnagar 

257 

2€8 

266 

247 

210 

160 

126 

113 

352 

£31 

269 

267 

£14 

4. Ra]kot 

S25 

325 

330 

324 

300 

219 

152 

143 

194 

273 

309 

322 

268 

5 Wraval 

218 

209 

194 

137 

76 

49 

41 

43 

70 

359 

209 

238 

235 

■6. Surat 

292 

299 

295 

263 

189 

135 

98 

98 

130 

222 

274 

291 

216 

7. BhaVhagar .. 

S93 

292 

293 

278 

268 

194 

147 

145 

179 

258 

281 

294 

244 

8. Ahmedabnd .. 

271 

283 

297 

209 

282 

204 

146 

132 

368 

249 

274 

271 

240 

9. Indore 

295 

307 

317 

301 

268 

197 

125 

132 

153 

252 

290 

301 

243 

IQ. Akola 

316 

331 

330 

309 

270 

208 

148 

137 

167 

258 

301 

321 

258 

11. Amroaii 

262 

276 

285 

284 

272 

204 

140 

133 

161 

225 

244 

256 

229 

12. Buldhana .. 

226 

238 

238 

233 

238 

192 

131 

123 

140 

382 

204 

219 

397 

13. Khandwa 

320 

326 

325 

292 

257 

195 

126 

115 

152 

257 

311 

325 

250 

14. Hoskangabad 

279 

296 

309 

305 

270 

200 

125 

112 

345 

235 

273 

279 

235 

15 Bombay %. 

162 

167 

142 

128 

315 

99 

89 

90 

98 

133 

169 

179 

130 

10. Ratnagm 

205 

186 

151 

125 

111 

94 

79 

83 

94 

138 

200 

217 

140 

1 7 Morn Ugao . . 

149 

141 

122 

135 

91 

91 

78 

77 

82 

101 

130 

145 

110 

1?. Karwar 

208 

190 

153 

121 

102 

89 

78 

77 

87 

138 

170 

210 

134 

19. Malegaon .. 

337 

351 

345 

322 

296 

209 

148 

152 

185 

257 

302 

329 

269 

20, Ahmccinagar 

316 

329 

323 

302 

294 

201 

151 

360 

183 

235 

276 

307 

256 

21. Poona 

319 

344 

343 

322 

278 

170 

118 

121 

160 

22C 

274 

308 

249 

22. Sholapur 

283 

304 

305 

288 

278 

214 

174 

179 

178 

219 

249 

272 

245 

23. Bijapur 

259 

, 271 

269 

263 

267 

395 

ICO 

168 

172 

203 

238 

266 

228 

£4. Belgaum 

257 

289 

300 

289 

249 

132 

89 

99 

138 

180 

210 

234 j 

205 

25. Aurangabad . 

287 

298 

£99 

285 

284 

213 

360 

155 

176 

235 

268 

285 

245 

26. Bidar . 

229 

241 

247 

240 

233 

204 

168 

158 

162 

189 

200 

210 

207 

27. Gulbarga 

274 

284 1 

2S9 

274 

2C4 

216 

177 

171 

171 

218 

242 

270 

237 

28. Baickur 

222 

237 

248 

237 

241 

201 

172 

171 

164 

, 179 

191 

212 

106 

29. Clutaldrug .. , 

224 

234 

244 

245 

229 

164 

138 

131 

163 

170 

182 

209 

195 

30. Ha&san 

262 

280 

288 

256 

218 

144 

123 

137 

162 

174 

392 

235 

206 

31. Bangalore 

233 

260 

263 

241 

225 

180 

162 

162 

167 

1 169 

' 176 

; 204 

203 

32. Mysore 

238 

252 

261 

245 

221 

164 

153 

165 

177 

175 

180 

214 

204 

38. Mangalore . . ' 

193 

164 

146 

135 

127 

107 

99 

96 

102 

115 

142 

185 

134 

84. Calicut 

167 

152 

138 

125 

117 

91 

80 

81 

93 

109 

128 

158 

119 

35. Cochin 

175 

160 

140 

130 

121 

105 

97 

95 

104 

117 

131 

159 

128 

80. Irivandrum .. 

117 

119 

111 

98 

SS 

75 

74 

78 

81 

81 

87 

104 

92 

87. PnlaiiKottab 

166 

199 

215 

202 

206 

375 

162 

177 

18D 

169 

144 

141 

179 

38 , Coimbatore . . 

221 

255 

262 

228 

213 

175 

166 

172 

183 

174 

169 

190 

202 

39 . Bollary 

263 

280 

281 

264 

249 

190 

163 

171 

178 

192 

213 

246 

224 

40* Mercara 

206 

221 

232 

205 

159 

92 

6*9 

76 

103 

134 

154 

177 

152 

41. Ootacamund 

226 

234 

222 

202 

178 

120 

101 

112 

133 ! 

141 

156 

205 

169 

42* Kodaihanal . . 

168 

187 

187 

167 

148 

117 

106 

112 

116 | 

117 

118 

147 

141 
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Table II. 

Normal daily range of ^emjteraltire in tenths of degrees Fahrenheit. 

Region II. 


Name of station. 

Jan. 

Feb. 

Mar. 

Apl. 

May 

Jun. 

Jul. 

Aug 

Sep, 

Cct 

Nov. 

Dec, 

An 

nuai. 

1. Chittagong 

232 

235 , 

195 

156 

134 

100 

93 

96 

106 

134 

176 

212 

356 

2. Noakhali 

244 

229 

187 

148 

132 

96 

81 

82 

91 

124 

187 

231 

153 

3. Barif-al 

220 

21S 

204 

170 

149 

106 

89 

87 

100 

128 

376 

21 o 

155 

-4. Jessore * • 

240 

247 

236 

215 

178 

124 

102 

98 

109 

141 

194 

22$ 

170 

5. Calcutta 

219 

220 

216 

198 

170 

125 

99 

93 

101 

129 

175 

210 

102 

6. Saugor Island 

182 

160 

125 

108 

308 

88 

75 

76 

80 

108 

150 

180 

120 

7. Midnapur 

248 

244 

254 

247 

213 

14b 

113 

111 

118 

160 

231 

245 

: ci ‘j 

Bnrdwan 

237 

246 

253 

245 

202 

141 

109 

102 

130 

144 

193 

226 

184 

*Q Bankura 

233 

238 

256 

261 

228 

163 

118 

109 

120 

164 

213 

234 

195 

10. Ivriahnagar . 

257 

271 ■ 

262 

242 

200 

142 

112 

309 

116 

159 

210 

248 

194 

11 Balasore 

24S 

233 

230 

210 

187 

139 

no 

101 

in 

153 

210 

240 

381 

12* Pun 

168 

141 

112 

92 

91 

84 

79 

83 

92 | 

121 

157 , 

186 

117 

13 CopalpuT 

180 

159 

137 

108 

100 

92 

85 

87 

99 

133 

164 

169 

128 

34. Cuttack .. : 

232 

234 

242 

236 

213 

154 

114 

108 

120 

158 

186 

213 

184 

15. Samba 1 pur . 

266 

267 

287 

280 

271 

166 

104 

98 

118 

173 

220 

260 

207 

16. Puruha 

250 

250 

273 

275 

246 

179 

137 

129 

343 

190 

230 

253 

.213 

17. Ranchi 

223 

219 

234 

242 

232 

161 

111 

104 

121 

168 

199 

222 

1 87 

18. Jubbulpur . 

289 

291 

313 

306 

208 

1S9 

117 

100 

144 

235 

288 

303 

2 V 

19. Seoul 

274 

282 

298 

294 

273 

197 

120 

114 

148 

225 

T60 

- 275 

230 

20. Nagpur 

279 

289 

302 

291 

268 

199 

128 

122 

153 

223 

256 

275 

232 

21. Raipur 

259 

259 

273 I 

267 

252 

186 

119 

109 

131 

187 

227 

254 

i 211 

22. Chanda 

305 

315 

323 

299 

273 

193 

130 

123 

146 

210 

266 

305 

1 242 

23. Nuamabad . 

291 

294 , 

300 

276 

253 

200 

148 

136 

150 

| 213 

253 : 

294 

234 

24. Hyderabad 

243 

255 

266 

250 ; 

231 

184 

143 

1 133 

i 

141 

190 

213 

241 

208 

25. Hanamkonda 

225 

236 j 

252 

245 ! 

227 

177 

130 

126 1 

137 

184 

206 

226 

h»8 

26. Pambau 

84 

102 ; 

125 

118 | 

104 

100 

102 

108 | 

109 

104 

91 

81 

102 

27 Madura 

183 

216 

232 

221 

220 

204 

200 

202 : 

104 

109 

147 ! 

156 j 

ms 

28. Negapatam .. 

111 

124 

129 

132 

171 

162 

174 

165 

158 

126 

103 

101 1 

140 

29. Tnchmopoly 

198 

236 

249 

233 

228 

204 

194 

197 

194 

168 

151 

161 

200 

30. Salem 

238 

269 

274 

244 

232 : 

207 

198 

193 

190 

182 

182 

207 i 

218 

31. Cuddalore 

148 

158 

106 

153 

181 

186 

174 

170 

158 ' 

137 

123 

129 

157 

32. Vellore 

200 

231 

251 

230 

231 

187 

172 

169 

167 

165 : 

154 

178 

185 

33, Madras 

167 

181 

175 

150 

173 

179 

370 | 

165 

1 59 

142 

117 

135 

161 

34. Cuddapah. 

232 

254 

267 

246 

228 

196 

179 

175 

174 

181 

186 

212 

211 

36, Kumool 

278 

285 

287 

252 

237 

197 

168 

163 

161 

395 

228 

266 

226 

3d, Nelloro 

182 

202 

222 

225 

231 

193 

173 

168 

169 

155 

139 

158 

185 

37. Masuhpatam 

176 

182 

186 

170 

1S2 

170 

145 

137 

133 

131 

120 

166 

• 160 

38. Cocau&da 

152 

159 

183 

170 

174 

150 

120 

112 

115 

120 

119 

143 

M3 

39. Vizagapatam.. 

129 

127 

126 

114 

112 

no 

104 

106 

103 

336 

116 

127 • 

* 116 

40. Pachmarhi . . 

242 

242 

243 

227 

205 

153 

85 

78 

113 

193 

232 

250 

i 189 

i 
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Table III. 


Normal daily range of Icmpei aiure in tenths of degrees Fahrenheit. 

Region III. 


Nam© of station. 

r 

Jan | 

t 

. 1 

Peb 

Mar 1 

Apl 

May 

Jtm. 

Jal 

1. 

Aug 

iL 

Sep. 

Oct. 

Sot 

Dec. ! 

! 

An- 

nual^ 

1 Uibrti gaHi 

2 SihE&gar • <. 

£14 

203 

177 

193 

172 

188 ' 

142 

If 3 

136 
139 , 

128 

126 

113 

115 

ni 

no 

118 

114 

343 

135 

192 

181 

224 

£07 

166 

166 

3 Tt7ptir 

4 Phubn 

212 

207 

203 

217 

208 

230 

103 

177 

l d 6 

3 32 

122 

97 

116 ’ 
77 

113 

76 | 

121 

83 ' 

147 

118 

191 

1C1 

210 

192 

162 

148 

5. Uichnr • 

6 Comil 1 a 

254 

249 

218 

£45 

228 

221 

180 

186 

161 

361 

132 

115 

128 

106 

128 

106 

136 

116 

163 

148 

23 5 
198 ! 

1 

249 

242 

186. 

17* 

7. Nnrny.mgang. 

8 Bo trra 

221 

234 

228 r 

254 

212 

270 

180 

237 

151 

179 

108 

121 

93 

104 

88 

100 

97 

109 

I2G 

144 

174 

195 

207 

223 

157 

181 

9, Mym p na liali 
lO Bampur lk<nl a ! 

221 

239 

227 

253 

227 

264 

186 

240 

147 

190 

104 

132 

92 

105 

91 

95 

99 

101 

130 

142 

179 

196 

216 

227 

3 59 

182 

11 j nr dj nr 

12 Bf'rhf.r.ptir .. 

220 

227 

247 ( 

261 ' 

202 

249 

167 

202 

118 

137 

93 

3 07 

S3 

99 

71 

104 

125 

134 

179 

178 

211 

211 

16* 

iso 

13 Wda 

14 S ra]panj 

247 

237 

£65 

255 

2P6 

261 

258 

2*26 

205 

171 

139 

116 

110 

93 

104 

83 

109 

93 

157 

134 

212 

190 

£38 

224 

104 

174 

1 f I> nn j pnr 
lb Bangpor 

261 

246 

266 

260 

284 

268 

242 

224 

180 

164 

123 

122 

106 

111 

102 

109 

108 

130 

155 
If 8 

216 

213 

255 

244 

191 

i m 

17. Jalpaigtiri 

18. Ha?ar Imgh . . 

224 

219 

233 

228 

£4° 

£44 

211 

251 

167 
‘ 299 

129 

168 

114 

112 

113 

1 107 

122 

122 

162 

167 

209 

197 

232 

218 

m 

189" 

3 9 rnHorennj 

20 PurnOa 

280 

264 

A 84 

273 

311 

293 

313 

206 

270 

£06 

1 19? 

, 141 

' 133 
109 

122 

104 

151 

314 

236 

163 

289 

229 

310 

262 

242 

20& 

21. Bhagnlptir 

22 Dharbangah 

’ 230 
224 

247 
237 j 

266 

261 

268 

261 

210 

199 

148 

X 37 

113 

100 

104 

97 

117 

103 

172 

147 

229 

1 210 

250 

228- 

196 

182 

23. Motiharx 

24 Chapra 

2G0 

233 

273 

554 

302 

278 

i 287 
275 

225 

237 

167 
' 173 

136 

: 121 

111 

307 

, 127 
120 

187 

no 

258 

231 

274 
. 239 

215 

20* 

25. Patna 

26. Gaya 

218 

239 

233 

245 

256 

266 

267 

272 

220 

247 

150 

184 

: 107 
. 130 

97 

- 116 

107 

130 

166 

188 

1 207 
234 

223 ; 
; 248 

Ib7 

208- 

27, Nava Dumka 
£8, Corakpi.r 

247 
- 241 

246 

253 

266 

280 

258 

279 

217 

239 

151 

176 

116 

120 

no 

112 

125 

231 

172 

193 

222 

213 

’ 248 
245 

199- 

210* 

29 Benares 

30 Allahabad 

264 

264 

277 

276 

303 

302 

307 

308 

262 

270 

185 

194 

126 

130 

lit 

114 

338 

146 

226 

236 

273 

281 

. 275 
280 

220 

ns 

31 Cawm nr 

32. Luc. know- 

366 

267 

273 

£74 

294 

303 

296 

318 

263 

271 

196 

19g 

135 

129 

UP 

121 

134 
If 4 

251 

253 

231 
■ 302 

282 

291 

235 

210* 

33 Bahraich 

34 Jhan.^i 

2f 1 

^52 

269 

257 

289 

271 

293 

269 

240 

246 

184 

192 

131 

131 

117 

120 

i 146 
358 

224 

239 

* £67 
270 

. 271 
268 

224 

22^ 

35, Agra 

36, Mammiri 

242 

260 

nrn 

271 

273 

306 

276 

313 

252 

£82 

106 

210 

*137 

146 

126 

130 

165 

168 

1 264 

275 

278 

304 

264 

283 

220 

245* 

37. Bareilly 

38. Dehra Dim . . 

241 

213 

253 

223 

285 

247 

293 

267 

264 

251 

198 

191 

134 
. 120 

121 

108 

151 

147 

244 

221 

281 

237 

268 

232 

228i 

205 

39. Nowgong 

40. Satna 

272 

267 

286 

268 

311 

288 

309 

289 

273 

256 

195 

179 

120 

109 

109 

98 

150 

131 

249 

221 

291 

269 

286 

280 

23T 

221 

41. Sapgor 

42. Darjeeling . . 

245 

122 

250 

128 

262 

142 

270 

141 

257 

123 

203 

97 

~ 121 
88 

109 

89 

150 

95 

219 

116 

242 

128 

244 

127 

214 

116 

43. Katmandu • . 

44. Muktes-wnr .. 

298 

150 

, 307 
153 

329 

174 

320 

187 

257 

186 

191 

161 

166 

122 

164 

116 

184 

136 

252 

165 

299 

170 

312 

160 

256 

157 

45. B^nikefc 

140 

144 

162 

175 

18C 

i 153 

110 

101 

124 

148 

151 

147 

144 
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Table IY. 

Normal daily range of temperature in tenths of degrees Fahrenheit. 
Region IV. 


Name of station. 

Jan. 

Feb. 

Mar. 

a pi. 

^ May 

i 

! 

| Jim. 

i 

Jul. 

Aug. 

Sep. 

Get. 

Nov 

Dec. 

An- 

nual. 

1. Meerut 

2 Rooriico 


249 

249 

282 

267 

287 

289 

304 

307 

276 

280 

207 

V20 

139 

141 

128 

131 

172 

175 

279 

274 

307 

301 

283 

284 

241 

*42 

3. De’hi 

4. Mrn 


221 

274 

229 

279 

244 

302 

251 

316 

238 

295 

107 

234 

138 

186 

126 

176 

159 

223 

232 

227 

255 

344 

240 

311 

211 

273 

5. PatiaK 

8 . Am halt 


241 

254 

237 

256 

267 

274 

272 

298 

201 

284 

209 

224 

153 

163 

140 

152 

184 

198 

281 

307 

296 

320 

268 

2 % 

233 

252 

7. Ludhiana 

8 . Lahore 


224 

270 

212 

271 

259 

287 

287 

311 

(JOO 

312 

235 

266 

168 

199 

154 

184 

191 

241 

281 

337 

289 

348 

259 

312 

238 

278 

‘3. Sialkot 

10 . Ranalpmdi 


233 

246 

240 

238 

258 

247 

279 

272 

280 

296 

244 

279 

178 

211 

102 

185 

211 

243 

298 

322 

312 

333 

271 

294 

247 

264 

11 . 'dmsbab 

12 Montgomery 


26B 

268 

251 

270 

245 

2S3 

259 

294 

271 

289 

248 

248 

201 

200 

188 

193 

227 

241 

307 

324 

327 

322 

301 

295 

258 

2(59- 

13. Multan 

14. Srinagar 


250 

136 

263 

149 

271 

179 

287 

210 

283 

240 

236 

247 

198 

213 

184 

212 

227 

254 

303 

293 

308 

288 

282 

198 

253 

219 

15. Dra* 

1C teb 


294 

221 

325 

229 

287 

236 

226 

254 

262 

270 

303 

277 

293 

268 

290 

268 

291 

284 

290 

284 

270 

270 

268 

229 

284 

258 

37 Kfcprda 

18. Gxlgit 


179 

144 

196 

156 

175 

171 

108 

195 

228 

236 

244 

259 

251 

249 

257 

239 

244 

237 

250 

227 

246 

211 

180 

160 

2 ‘H 

207 

39 Peshawar 

20 Dei & Ismail 
Khun 


238 

281 

234 

270 

234 

287 

253 

270 

288 

289 

293 

263 

241 

200 

214 

194 

252 

243 

305 

320 

312 

335 

276 

311 

202 

271 

21 * Quetta 

22 * Kalat 


227 

280 

223 

282 

248 

291 

281 

343 

I 318 
384 

326 

407 

288 

371 

301 

386 

364 

428 

368 

415 

330 

378 

273 

321 

296 

3o7 

23- P«hm 

24* Jaeobabad 


267 

295 

275 

297 

289 

308 

317 

301 

363 

334 

374 

294 

340 

239 

351 

225 

397 

271 

39© 

364 

374 
i 354 

301 

320 

337 

300 

25 . Hyderabad (Sd.) 

26. Manora 

254 

180 

266 

165 

285 

142 

296 

no 

288 

102 

224 

82 

181 

75 

166 

74 

210 

92 

276 

141 

295 

185 

265 

120 

251 

128 

27- Bikaner 

28- Jodhpur 


: 240 
264 

242 

273 

257 

282 

259 

277 

251 

262 

220 

216 

185 

172 

171 

154 

196 

193 

249 

286 

269 

302 

256 

274 

232 

240 

29- Jaipur 

30* Ajmer 


283 

273 

269 

273 

286 

279 

295 

261 

280 

233 

221 

189 

161 

136 

150 

120 

203 

158 

294 

269 

305 

311 

285 

293 

250 

233 

31 . Kotah 

32* Dcesa 


255 

321 

262 

321 

268 

327 

253 

323 

233 

296 

l 

195 

217 

142 

150 

118 

135 

156 

193 

242 

306 

273 

344 

262 

335 

221 

273 

33 . Neomuch 

34 . Simla 


287 

105 

290 

109 

297 

118 

285 

136 

264 

140 

208 

124 

136 

87 

123 

74 

171 

92 

266 

114 

297 

113 

294 

105 

243 

110 

35 . Chakra t& 

36 Murree 


151 

116 

156 1 
127 

175 

142 

180 

154 

175 

165 

141 

171 

98 

144 

92 

129 

121 

143 

164 

151 

170 

144 

162 

129 

148* 

143 

37 . Cherat 

38* Parachinar 


110 

214 

118 

206 

136 

207 

166 

215 

197 

239 

203 

241 

180 

208 

162 

201 

187 

224 

192 

257 

166 

252 

121 

221 

1ST 

224 

39 . Drosh 

40 - Mount Abu 


161 

147 

164 

14b 

183 

156 

201 

159 

230 

169 

238 

149 

237 

94 

233 

77 

239 

104 

239 

144 

209 

155 

163 ' 
153 

20 S 

138 



REGRESSION OF CLIMATIC ELEMENTS. 1 15 

Table V. 

Regression coefficients of normal daily range of temperature on latitude } longitude 
and altitude of 42 stations — Region L 



Regression coefficients of normal daily range of 
temperature on 

Multiple Corre- 
lation coeffi- 
cient. 

Latitude. 

Longitude. 

Altitude. 

R. 

E/. 

January 



•1778±-0262 

•1124^-0512 

•0061 ±*0039 

*75 

*60 

February 

ffl • 


•1950±-0309 

*1652±* 0604 

•0090±-0'046 

*72 

*50 

March 

* » 


•2166±*0356 

•2144±-0696 

*0103±-0053 

•71 

*60 

April 

a a 


*2246±-0361 

•2414±*0707 

•0094±*0053 

•72 

•50 

May 



*2140±*0355 

•2833±-0694 

•0071 ±-0052 

• 72 

•50 

June 



•1516±-0239 

•2519±*0468 

•0007±-0035 

•75 

*50 

July 



•0645±-0213 

•1702±*0417 

•0006±-0031 

•58 

.50 

August 



•0427±-0224 

•1554±*0439 

-0005±-0033 

*53 

•50 

September 



•0721± -0230 

•1229±*0450 

•0024± *0039 

-50 

*50 

October 



•1878±-0235 

•1338±-0459 

*0020± *0035 

t 

-80 

*50 

November 



•2215±-0215 

•0955±*0421 

•0016±-0032 

-87 

*50 

December 



•2023± -0243 

*0939±*0475 

-0042±-0036 

•82 

*50 

Annual 

•1643± -0246 

•1696±0481 

•0044±-0036 

■a 

•50 


♦Lower limit of E significant at the 1% point. 
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Table VI. 

Regression coefficients of normal daily range of temperature on latitude, longitude 
and altitude of 40 Stations — Region. II. 



Regression coefficients of normal daily range of 
temperature on 

Multiple correla- 
tion coefficienL 

Latitude. 

Longitude 

Height. 

R. 

a/. 

January 

+ '20704-0402 

— 1393 ±-0456 

— 00614-0118 

•76 

•54 

February 

+ •17794*0477 

— 1492±-0541 

— 0042±-0140 

” *66 

*54 

March 

+ * 2031 ±*0515 

— 2135± -0584 

— 00864-0151 

' *69 

•54 

April 

+ -21394 - 0517 

— 2297±-0587 

* — *00914 *0152 

*71 

•54 

May 

4- -1581 ±-0450 

— 21504*0510 

— 00804 - 0132 

*71 

•64 

June 

+ -0468±-029S 

— 15054*0338 

— 00614-0088 

*77 

*54 

July 

— 0610±-0261 

— 0555±-029C 

— *00384*0077 

‘•80 

•54 

August 

—• 0769±-0242 

— 0388±0275 

— 00264 - 0071 

*82 

*64 

September 

— 0288±-0222 

— 0059±-0251 

— 00064-00 65 

"•79 

•54 

October 

+ -1185±'0215 

— 1602 ± -0244 

— 00024 - 0063 

•86 

*54 

November 

+ -2157±-0293 

— 1573;t-0333 

— 00224*0086 

*87 

*64 

December . . . . 

-i~-24B9±-0401 

— 1646±-0455 

— 00744-0118 

-80 

*54 

Annual 

+ -1206±-0315 

— 14C2±-0357 

— -00514*0092 

•71 

*54 


* Lower Limit of B significant at the 1% point. 
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Table VII* 

Regression Coefficients of normal da°ly range of temperature on leHtuie> longitude 
and altitude of 45 stations — Region III. 



i 

Regression coefficients of normal daily ra ri ge of 
temperature on 

Multiple correla- 
tion coefficient. 

Latitude. 

Longitude. 

Height. 

R. 

IV- 

R,**. 

January 

— 0678+ 0536 

— 05954*01 66 

— 0129±-0028 

•69 

-49 

•41 

February . . 

— 0993±-0452 

— 00014*0138 

— 0125±-002i 

•78 

*49 

*41 

March • . 

— 0643+ *0535 

— 09784*0103 

— 0140± 0027 

*77 

*49 

•il 

April 

— 0824±-054S 

— 15464 * 0168 

— 0116±-0028 

*84 

•49 

*41 

May 

— 0956+ 0398 

— 15964*0121 

— 0069±-0021 

•90 

•49 

*41 

June 

+ ■ 0131+ *0308 

— 10064*0094 

— 0044±-0016 

*88 

*49 

*41 

July 

+ . 0411+ *0319 

— 02854*0097 

— 0018±-0017 

*58 

*49 

■41 

August 

+ •0446+ *0318 

— 01444*0097 

— 0008±-0016 

•44 

•49 

*41 

September . . 

4- *0703+ *0421 

—*05834*0129 

— 0031 ±-0022 

*65 

•49 

•41 

October 

+ ■04844*0485 

— 13504 0147 

— 0082±-0025 

*84 

*49 

•41 

November . . 

+ -0314+-0539 

— 11974 * 0104 

— 0131 ± 0028 

*78 

*49 

•41 

December . . 

+ •00734 -0513 

— 00734*0156 

— 0155±-0026 

*73 

*49 

-41 

Annual 

— 0136±-C372 

1 

— 0870±-0113 

— 00854*0019 

-79 

-49 

•41 


*L<wfer limit 'of R significant at the 1% poirt. 
** Lower limit of R significant at the 5% point. 
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Table VIII. 


Regression coefficients of normal daily range of temperature on latitude , longitude 
and altitude of 40 Stations — Region 1Y. 


1 

Regression coefficients of normal daily range of 
temperature on 

Multiple correla- 
tion coefficient. 

Latitude 

Longitude 

Height. 

R. 

R>*. 

R,**. 

January 

— 0584±-0468 

— 0260^*0416 

— 0063±-0031 

•61 

-54 

•43 

February . , 

— 0162±-0457 

— 0109±-0406 

— 0090±*0030 

•63 

*54 

*43 

March 

— 0564±*0466 

— 0056±*04J3 

— 0066 ± *0030 

■SO 

•54 

-43 

April 

— 0089^-0492 

— 0104±*0437 

— 0077±-0033 

•u 

* *54 

*43 

May 

*0533±*0500 

— 0786±-0444 

— 0052±*0033 

•37 

•54 

-43 

June 

•1137±-0479 

— 1404^*0425 

•0007±*0031 

•57 

*54 

•43 

July 

•1346±-0431 

— 1734^-0283 

-0047±*0029 

• 72 

•54 

-43 

August .. , . 

•1299± -0462 

— 1908±*0109 

•0066±*0031 ‘ 

•73 

-54 

-43 

September .. 

•1161±-0521 

— 2005±-0462 

-0037 ±‘0034 ’ 

•05 

-54 

•43 

October 

•0773±-0578 

— 1 235 ± *0513 

— 0057 ±*0038 

•43 

-54 

*43 

November , . , . 

•0392^ -0357 

— 0737 ±*0494 

— 0096±-0037 * 

•47 

*54 

*43 

December .. 

— 0227±-0500 

— *0391 ±*0444 

— 0095±-0033 

-54 ! 

•54 

•43 

Annual 

•0381±-0472 

— 0883±-04I9 

— 0034 ±-0031 

•37 

*54 

•43 


* Lower limit of R significant at tlie 1% point. 
Lower an it of R significant at the 5% point. 
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LOW STRATUS CLOUDS OVER BANGALORE. 

BY 

P. A. GEORGE. 

(Received on 5th January 1946). 

Abstract — The low strata clouds o\ er Bangalore are noted for their high frequency of occurrence as 
well as for their formation at very low heights above ground lev el The transformat ions of low strata 
into fog and vice versa take place quite often over this region. The orography of the country accounts 
for most of the special characteristics of these low clouds. 

The strong vertical inversions within the lower strata of the atmosphere, the distribution of moisture 
among the various layers, the cooling of the air layers by vertical mixing, and the direction and strength 
of wind near the surface play a great part in the formation as well as dissolution of the low strata clouds. 

As the general structure and conditions of the atmosphere for the morning could be estimated usual- 
ly from the radiosonde data of the previous evening, the tephigrams are found to he of considerable use 
in forecasting stratus clouds for the next day. 


mmommom 

It is the orography of the country that is often largely responsible for the frequent 
low stratus clouds over Bangalore . Occupying the southern end of the Deccan plateau, 
the Mysore plateau slopes gradually to the east eventually merging into the narrow 
coastal plains ; its southern edge slopes down almost abruptly to the plains of south 
India. The plateau is dissected over the south by two river valleys forming a ridge in 
between of average height of 3000 ft. above* sea level. Bangalore occupies almost a 
central position over this ridge. The Cauvery basin lying towards the south-west of 
Bangalore has an average height of only 1000 ft. a.s.l. The Palar basin lying on its 
east runs to SB, 
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Scattered over the plateau, there are many hills of heights ranging from about 
4000 to 5000 ft. a.s.l. From the point of view of aviation, low stratus, in a hilly 
country like Mysore, is as dangerous as any other weather phenomena. Low stratus 
is a frequent phenomenon at Bangalore, and even during the fine season, the day 
dawns sometimes with overcast and threatening skies, only to clear off completely 
after three or four hours and to remain so for the rest of the day. Out of personal 
experience m forecasting the stratus for aviation purposes, I have observed certain 
rules and some indications on the synoptic charts and in the soundings of the at- 
mosphere over Bangalore, which are of considerable aid m foreseeing the possibilities 
of the fo rma tion of low stratus clouds there. There were days also when low stratus 
formed but could not he foreseen with the aid of those rules ; hut it has been observed 
that most of them were on days when there occurred sudden changes m the synoptic 
situation or in the upper air conditions as well as when stratus was blown over 
from distant places. 

IVMcg of cooling.— -Of the different inodes of cooling of the atmosphere (i) cooling 
by radiation, (ii) a'diabatic cooling clue to vertical lifting and consequent expansion 
and (in) cooling by vertical mixing, are the most important ones which aid the for- 
mation of stratus clouds. Cooling by contact with colder surface or with colder air 
masses also occur. Of these, cooling by vertical mixing plays a greater part in the 
formation of low stratus. 

Distribution.— During the monsoon season quite extensive stratus layers form 
over the plateau covering the entire sky for the major part of the day ; while, in the 
non-monsoon season, stratus forms more often as a local phenomenon and get drifted 
to the neighbouring places as broken strut us (Fs.) There are many days in a year 
when Yelahanka, Kolar or Mysore reported stratus while Bangalore was clear. Widely 
extended sheets, sometimes covering vast areas, ary also found in winter months, 
very closely associated with the ,-.1 ratified conditions of the lower atmosphere. On 
days when the coastal areas due east or west of the Mysore plateau were raining, and 
when the upper winds at lower levels over the plateau had trajectories over these rain 
areas, the plateau got widespread sheets of stratus which sometimes persisted for the 
whole day. 

Height. — It has been observed that usually the height of the base of the stratus 
over Bangalore is a little above 1000 ft. a.g.l. There is quit e a considerable number 
of occasions in a year when the base falls within 600 — 1000 ft. above ground. The 
number of days when the base is between 300 and 600 ft. above ground is small. 
Here are a few occasions when the base lowers to below 300 feet above ground and 
touches the ground to persist for a short time as fog. 

Generally, the clouds are found to attain’their lowest height after sunrise which is 
accounted for by the facts : — (1) The air layers a few hundred feet above the ground 
reach the minimum of the day only after sunrise as a result of the time lag in. the 
diurnal cooling (2) The vertical mixing of the lower layers of the atmosphere takes 
place soon after sunrise. 

The lowering of the base of the stratus clouds occurs when it is raining or drizzling 
through the clouds, especially when there is an inversion just within of immediately 
below the stratus layer. The level upto which the base can lower is limited by the 
level A in Fig.L 
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Time and frequency of oeeiinenee,— The usual time of occurrence of stratus has 
been found to be early morning by about sunrise. On occasions when the stratus 
clouds form as early as 0300 hrs. they decrease in amount and sometimes disappear by 
0600 hrs. but often reform again just after sunr.se. The time of final dissolution 
depends on the synoptic situation as well as the upper air conditions of tbe atmosphere. 

During the monsoon season when the winds are generally strong and the moisture 
content of the atmosphere is very large up lo a considerable height the stratus starts 
very much earlier, sometimes before midnight, and continues till next noon with the 
characteristic diurnal decrease in amount just before dawn and increase after sunrise. 

The frequency tables given at the end show that February, March and April are 
the three months having the least number of days of stratus, and of these April has the 
minimum. June, July and August are the months with the greatest number of days 
of stratus, July and August having the maximum. The above frequency table is 
based entirely on 0900 hrs. observation < As sufficient observations at all the synop- 
tic hours are not available for calculating the normal the cloud amounts as observed 
throughout the year 1944, are represented diagra mma tically (in Fig. 2 ). 

The relation of stratus with the direction and strength of wind.— The direction and 
strength of wind from the surface uplo about 5000 ft. a.s.L have direct influence over 
the formation of stratus cloucH The most favourable directions of the surface winds 
as well as the upper winds upto 50fn ft . a.°J. are E to S E and SW to W (See Tabh I). 
So far as the lifting of the ah layers is concerned, the d rections of wind between 
E and SE and between W and SW are very effective and in addition, air masses from 
these directions are likely to have had some sea travel and greater moisture content in 
the lower layers. 

Since strong winds from these directions contribute to a thorough vertical mix- 
ing of the lower strata of the atmosphere and a rapid vertical lifting of the air layer 
along the slopes of the edge of the plateau, one may expect a greater chance for the 
development of the stratus with strong winds at ihe lower strata of the atmosphere. 
Observations tabulated in Table II support the above expectation. The increase of 
Frequency on the calm days is apparently a result of greater nocturnal cooling or 
stronger inversion, as well as of the formation of stratus by the lifting of fog. 

Association with fog. — -According to Taylor “ a fog on high land may be due to 
he forcing up of air from lower-lying land by the contours of the ground* but a fog of 
his nature is practically the. same thing as the lower surface of a cloud into which the 
ugh land is projecting ? \ This is quite true of the fog and stratus at Bangalore. It 
a a frequent phenomenon, especially in the winter months, that the fog that forms 
luring the night or early morning lifts gradually after sunrise and moves over as low 
tratus to a neighbouring place. 

If the sky is clear the ground cools during night and the ground subsequently cools 
he air layers close to the ground. Consequently a ground inversion is established 
rhich persists throughout the night until disturbed by strong turbulent mixing of 
he air layers (Fig. 3.). It is the persistence of this ground inversion during the night 
rhich is favourable for the formation of the fog in the early morning, provided other 
ivourable conditions also exist. But just after sunrise, the increased turbulence pro- 
aces vertical mbdng and destroys this ground inversion and thereby dissipates the 
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On certain days, especially during tlie winter months, there is already a pre-exis- 
ting inversion below a height of about 1km. above ground (Figs, 4 awl 5), During 
night the ground inversion combines with the inversion existing just above it to form 
a strong and deep inversion layer extending from, the ground up to X km. abow ; 
ground. On such days the fog that is formed, instead of getting dissipated, is 
lifted up to the base of the pre-existing inversion and drifts overhead as low stratus 
with the destruction of the ground inversion soon after sunrise. 

The stratus in relation to the anticyclone ol the winter months. --It is quite a 
common feature, that after a long spell of the flow of the northerly and northeasterly 
dry cold air over the plateau during winter, the surface winds as well as the upper winds 
up to about 5000 ft. a.s.L take a sudden turn and begin to blow from a direction bet- 
ween E and SE over the North Coromandel coast as well as the Mysore plateau. 
This is found to he usually due to the shifting of the seasonal anticyclone in Central 
India over to the east C.P. or Circars coast or due to the splitting up of the, wide anti- 
cyclone into small anticvclonic cells of which one n\ay move over to this region. 

Such a situation provides favourable conditions for the formation of fairly wide- 
spread stratus over the Mysore plateau on account of the following facts : (1 ) SETy 
direction of wind gives good vertical lifting for the lower air layers during its ascent 
over the edge of the plateau (2) there is an increase in the humidity mixing ratio of 
the lower layers as a result of the trajectory of the air over the sea (3) the contact of 
this warm and moist SE current with the existing colder air over the plateau brings 
about further cooling and condensation. 

By the end of February and early March there exists an anticyclone below 1 km. 
level over the Bay of Bengal. Its diurnal oscillation between the land and the sea has 
been observed on certain days to be so marked as to affect the winds upto even 5000 ft. 
a.s.L The extension of this anticyclone into the interior of the land takes place late 
at night so that the winds upto about 5000 ft. a.s.l. over the Mysore plateau begin 
to flow early morning from S to SW’lv directions. This sudden turn of the wind is 
found to bring almost invariably low stratus in the morning for Mysore plateau 
(Figs, 6 and 7 and attached explanatory notes on page 10). 

Association with rain. — Although, overcast stratus clouds give a gloomy and 
threatening appearance to the skies, generally it is not associated with any rain But 
thick stratus cloud 51 , particulary in the monsoon season are known to give some 
passing drizzle, sometimes of heavy and intermittent nature. For example, on the 25th 
November 1944, the stratus that started early morning continued for the whole day 
and night giving heavy, intermittent drizzle. The continuous supply of moisture was 
maintained as the upper winds were easterly having their trajectory over the east 
coast which was experiencing continuous rain during that day. The aerological 
ascent as well as reports from aircraft confirmed that there existed only stratus 
clouds with the base below 1000 ft. above ground and having thickness of 2000-3000 


Use of Tephigmms in the forecasting of Stratus clouds.— Soundings of the 
upper air, particularly in the evening, are found to be of considerable use in 
forecasting stratus clouds for the next day. The success of forecasting 
stratus based on the thermodynamic diagram depends on the persistence of the 
upper air conditions, with its normal diurnal changes in the 1 over utrata of the atmos- 
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phere, till tie next day and also on the correctness with which the diurnal change 
could he estimated. 

The outgoing radiation cools the ground at nighL The consequent lowering of 
temperature is transmitted to the air layers near the ground hy Conduction, Radiation 
and Turbulence. The effect of conduction is so small on the air layers a few feet above 
the ground that we can neglect it for all practical purposes. Radiation also is of slight 
importance in the spread of heat upward to any considerable height above the ground 
when compared with the effect of turbulence so that there is not much error in consi- 
dering turbulence as the main agent in effecting the transfer of heat tlirough the lower 
layers of the atmosphere. 

Taylor’s equation of the diffusion of heat by eddies or turbulence as modified by 

ST $ 2 T 

Brunt is, — = K ^ where T is temp., t time, t height and K eddy 

diffusivity. 

Assuming that the vertical transfer of heat is entirely by turbulence, and that 
K is constant with height the diurnal variation of temperature at any height z from 
the ground on clear days is given by the equation. 

T - To + Sz + Ae' bz Sin (qt~ hz). * 

Where b is a constant defined bv b 2 =q/2K ; the term is included to allow 
for the mean lapse rate cl urine the pcrhd. So tlm amplitude of the diurnal variation 
of temperature at a height shears to the diurnal variation at the ground the ratio 
e ~ b2 . K varies with the height, season and strength of wind. Taking a mean 
value of 10 6 for X the ratios of the diurnal variation of temperature at different- 
heights to that at the ground are calculated. 

Him Em. .. .. 0*0 0*3 0*45 0-6 1-0 

Amplitude in degrees .. 1*0 0*55 0*40 0*30 0*14 

Thus theoretically, the diurnal variation of temperature at a height of 1 km* 
above ground is 14 per cent of that at the ground. Actual observations at Bangalore 
have shown that the air layers at 1 km. above ground are not generally affected to 
any tangible amount by the diurnal variations of temperature even when the sky is 
clear. Hence for practical purposes we may consider 1 km. height to be more or less 
the limit upto which the diurnal variation of temperature extends. It will be seen 
from Figs. 8 anil 9 that the temperature at 1 km. a.g. are practically the same. 

The time lag in the occurrence of the maximum and minimum at a height z from 
the ground is given by the relation (b/q) z which comes to a little over two hours for 
% = 300 metres. Hence the minimum temperature of the day should occur at a 
height of 300 metres above ground only two hours after sunrise. 

The above considerations help one to estimate the approximate conditions of the 
atmosphere for the next morning, so far as the temperature is concerned. But the 
change in the distribution of water vapour cannot be estimated with any degree of 
accuracy. Even though the diurnal variation of humidity mixing ratio of the 
atmosphere is considered to be negligibly small, an increase or decrease of 1 — 2 gms. 
within 12 hrs. for the value of the humidity mixing ratio for the lower layers of 
the atmosphere is not uncommon over Bangalore, particularly in winter months. 


♦Physical k Dynamical Meteorology by 'David Smut Chapbar XII, 
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Hence, in estimating the chances of condensation of water vapour as well as the level of 
the condensation for the next day, based on consideration of the humidity content 
of the atmosphere obtained from a radio-sonde ascent, one should give allowance for 
the above-mentioned variation in humidity content even though the actual factors 
influencing the variation are not yet fully understood. 

Vertical mixing in non-satnrated air (I) Ho condensation taking place,— The effect 
of thorough vertical mi shag in a mu-saturated air so long as condensation does not 
take place is to render the lapse rate of the dry bulb temperature equal to the dry 
adiabat and render the wet bulb temperature follow the saturation adiabat. 

(2) Condensation taking place in a portion of the air column. — Once the air be- 
comes saturated at any portion of the air column, condensation takes place as the air 
layers cool further as a. result of vertical nrxmg. The dry bulb and the wet bulb 
temperatures for the saturated portions coincide and thorough mixing of the air 
layers will make the dry bulb curve oornwde with the saturation adiabat. Normally 
the absolute humidity decreases with increase of height, particularly so, during late 
night and early morning when turbulent m'xmg is at a minimum. In such a situa- 
tion mixing transports water vapour upwards. On the other hand, with a lapse rate 
smaller than the dry adiabatic, the potential temperature increases with height and 
mixing tends to trensp^rt heat downwards and thereby ( ool the upper layers- of the 
mixed portion. Thus in a stably strut -fled part of the atmosphere turbulent mixing 
tends to bring about condensation in the upper layers as a result of the upward 
transport of moisture and the downward transport of heat. 

The results may be summarised as follows : — (1) The effect of vertical mixing is 
to establish a dry adiabatic lapse rate below the condensation level and moist adia- 
batic lapse rate above it, (2) In a limited layer of air which is originally non- 
saturafed, vertical mixing can cause condensation only in the upper portion. 

The lowest level at which condensation occurs as a result of vertical mixing is 
called the “ mixing condensation ]*vel 

The following rules for finding the height of the mixing condensation level are 
found to be useful in practice. 

(1) Find the mean potential temperature of the air column before mixing and 
mark the dr)' adiabatic that corresponds thereto. 

(2) Find the mean potential wet-bulb temperature of the air Golumn before mixing 
and mark the moist adiabatic that corresponds thereto. 

(3) Then the point of intersection of these adiabatic lines indicates the mixing 
condensation level. 

The determination of the mx’ng condensation level in the above manner involves 
firstly the determination of the thickness of the mixsd layer and secondly the assump- 
tion that the layer is completely stirred* 

The thickness Of the stirred air column depends upon the strength of the wind, 
the stability condition of the air column and the orography of the country. 
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As complete mixing occurs rarely the actual cloud base is usually higher than the 
mixing condensation level as determined above. 

Fig. 10 * shows a typical example of the result of vertical mixing^ in a limited air 

that is originally noil-saturated. The lapse rate of the air column before mixing i 

represented by T and the relative humidity of the different layers by the line 111 

Fig. 10(a ) . After complete stirring, the relative humidity of the different ayers 
* - w - r v ’ - - - * -» various 


depends upon the thickness of the mixed layer and is represented by the variuu^o 
curves shown in Fig. 10(h ) . It is seen that the mixing condensation level also e P^ 
upon the thickness of the mixed layer and that condensation does not occur 
mixing does not extend above a certain height of the air column. 


The diagram shows that the deeper the mixed layer the higher will be the mixing 
condensation level (i.e. the base of the stratus) and the greater the thickness o 6 
saturated air column (thickness of st. formed). 


It has been observed that inversion plays a great part in the formation as well as 
the dissipation of stratus clouds. 

Let ABCD {Fig. 11) represent the estimated Tephigram extending from the 
ground up to about 1 k.m. height above the ground a 1 1 he instant when tne an e 
perature near the surface has reached the minimum on a day when there is an im e * 
sion existing beneath the 1 km. level. If complet e churning of the air 1 ayers rom 1 
C takes place within a few Lours after sunrise, the resultant Tephigram wi © 
presented by A ' B ' C ' I> where A' B' lies along the dry adiabat and B B along 
the wet adiabat indicating that the air layers within B' and O' are saturated so * 
will be the base and C' the top of the clouds formed. 


If the mixed layer is completely churned, the humidity mixing ratio o j © 
column in which no condensation has occurred will remain uniform throughou - so ' 

the S — T gram of the column will lie along the moist adiabatic corresponding o e 
mean wet bulb temperature of the air column. Hence the mixing condensation eve^ 
is at B'. As complete mixing occurs rarely the transportation of moisture rom one 

layer to the other does not take place to such an extent as to equalise © . 

dity content. Consequently the actual cloud base is usually higher than the mixing 
codensation level. 

With the diurnal heating of the ground and the air layers close by, convection 
sets in and the vertical mixing extends further up and raises the condensation levei- 
By the time the condensation level reaches the base of the inversion thes ra us 

get broken up into Fraetostratus and dissolve gradually. 


The dissolution depends also on the difference of humidity content between the 
air above and below the base of the inversion. When the air above is very much drier 
than that below, the tendency is for the stratus to dissolve completely as soon as tne 
condensation level reaches the base of the inversion (e.g. Fig. 9). On e o er , J\ ’ 
if the relative humidity is nearly equal or higher above (as is usually the case dsnng 
rainy daysV, the stratus persists with its base probably lifted up with the diurnal Wt 
up of the condensation level (e.g. Fig. 12). But if it rains through the my«^i 


JVtterssen's “ Wsatber Analysis and FortoMMog” 
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layer, the hase of the cloud builds down to the level where the isotherm through the 
top of the inversion cuts the Tephigram below it.* 

A strong layer of inversion near the ground is found to be favourable for the for- 
mation of low stratus so low as the lifting condensation level , provided there is ^suffi- 
cient steady movement of the air layers up the slope of the plateau so as to lift the 
air layers as they are without much mixing. 

Although a pre-existing inversion at some distance above the ground is very much 
favourable for the formation of low stratus, it has also got the counteracting 
influences. It suppresses the turbulence, and retards the diurnal cooling of the air 
layers underneath due to the radiative exchange of heat between the warmer layers 
aloft and the colder air below. 

On days when there is no pre-existing inversion at some height above the ground, 
if the sky is clear the range of the diurnal variat ion of temperature becomes large* 
On such days the turbulence extends higher and with the existence of other favour- 
able conditions, stratus form earlier and dissolve quickly. 

Analysis of Typical Aerological Ascents at Bangalore,— {a) Ascent at 2330 hr®. 
LS.T. on 30th March, 1944 (Fig. 3). 

It is presented fust for the purpose of showing how the ground inversion is estab* 
lished during night which is very strong but shallow before midnight. By morning it 
becomes weaker but its depth increases, sometimes extending up to 800 mb. level or 
even higher, as a result of the cooling extending to the upper layers, 

{&) Ascent on 9th December 1944 at 1830 hrs. LS.T. (Fig. 4). 

Ascent on 10th December 1944 at 0930 hrs* LS.T. (Fig. 5). 

For both the ascents the humidity mixing ratio values for most of the levels 
were not available. 

Fig. 4 shows that there was already an inversion existing on 9th evening between 
the 813 and 795 mb. levels. With the minimum temperature reaching 57°F on 10th 
morning, as could be seen from the previous days’ minimum, temperature, an inversion 
extending from the ground up to about 800 mb, level (a height of more than 3000 ft, 
above ground) could be expected for the next morning. Moreover, the lifting com 
densation level for the surface layers would come down from 800 mb. on 9th evening 
to nearly 900 mb, on 10th morning so that very low stratus or fog for 10th morning 
could evidently be foreseen. 


Let there he an inversion existing between the two levels B & C as shown in Temp-height curve 
{.Ftp. I). Suppose that the has© of the rain cloud is at the lev©! B. The rain drops falling through the air 
layers between B and C will be wanner than, the air layers just below B so that the falling rain 
supersaturates the layer AB causing condensation. Consequently the cloud layer build® down- 
JZ~ reaches the level A below which no supersaturation is possible ai the air is wanner than 

the Ming 7&in*uf@p§. 
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The ascent on 10th December 1944 at 0930 hrs. I.S.T. shown that the tem- 
perature of the air layers near 800 mb. level increased by 1-2°$ and that near 820 rob. 
by 4 F so as to intensify the inversion which could suppress any amount of vertical 
turbulence. The ascent shows that by about 0930 hrs* the vertical turbulence 
extended, only up to about 890 mb. level (nearly 600 feet above ground). The slightly 
super-adiabatic lapse rate which appears to extend from the ground up to 890 mb* 
level actually exists only near the ground. Above that, the mixed layer would be 
partly dry adiabatic and partly moist adiabatic, which could Ixavebepn seen if only 
we have observations at closer levels in the mixed layers. 


On the 10th morning low stratus started by 0600 hrs. covering about half the 
sky.^ The amount suddenly increased and the base lowered to form widespread and 
thick fog over the Mysore Plateau. By 0930 hrs. the fog lifted up and moved over- 
head as low stratus which lasted till noon. The minimum on 10th was 57°F and 
TsTs at 0900 hrs. also was 57°F» 

(c) Ascent on 15th February 1945 at 1830 iirs. I.S.T. {Fig. 6). 

Ascent on 1st March 1945 at r'30 hrs. I.^.T. {Fig 7 ). 

Both the Bigs. 6 and *i are typical examples leading to the failures when the 
forecast is based entirely on the Tephigram, neglecting the synoptic situation. With 
the minimum coming down to 67°F on 16th February 1945 and to 67°F on 2nd 
March 1945 a good inversion would be established on the mornings of 16th February 
and 2nd March from the ground up to about 800 mb level. But the moisture content 
was so low that any lifting or mixing of the layers would not be able to effect condensa- 
tion below 800 mb. level. 


On the night of 15th February 1945 the surface winds as well as the upper winds 
up to 5000 ft. a.s.l. turned from E to SE and the speed increased. The surface wind 
became strong and gusty from 2000 hrs. The TsTs value at 2300 hrs. showed a 
considerable increase over its value at 1800 hrs. The next day’s BAOB also showed 
that there was an increase during night of 3 * 4 gins, at the lowest layer and 2 to 3 gms- 
f or the upper layers up to about 5000 ft. a.s.l. for the values of the humidity mixing 
ratio. With the mixing ratio value for the lowest layers increasing to nearly 10 
gms. by 16th morning the SE wind could lift the stable layers underneath the inversion 
to the condensation level which would he near 830 mb. level. 


On the 16th morning the sky remained clear till 0300 hrs. At 0600 hrs* the sky 
was covered with 9/10 stratus clouds of base above 2000 ft. above ground. By sunrise 
the base lowered a little and the sky remained 7 — 10/10 covered till 0900 hrs. Then 
the clouds dissolved gradually and disappeared completely after 1000 hrs* 

Fig. 7 shows that the situation was more or less the same on the evening of 1st 
March 1945 as on 15th February. With such a situation one could preclude entirely 
stratus clouds for the next morning. But during the night the seasonal high that was 
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existing in the Bay extended over to the Mysore plateau changing the surface wind 
as well as the upper winds over Bangalore from their initial direction of E during 
the evening to SW/W by next morning. Unfortunately there was no ascent on 2nd 
March which would have indicated the actual increase in the humidity content. 

On 2nd March just after 0600 hrs. some 2 — 3/10 Fs clouds were seen moving 
over head from SW which cleared soon. Just after sunrise Lhn sky became covered 
7—10/10 all of a sudden the base of the clouds being 300-500 ft. above ground. By 
0900 the sky was covered 7/10 and the base was lifted to 600- 1000ft. aboveground. 
Just after 0900 hrs. the sky cleared. 

(d) Ascent on 20th November 1914 at 1830 hrs. I.S.T. (F ig. 8 ). 

Ascent on 21st November 1944 at 1830 Its. I.S.T. (Fig. 9 ). 

A comparison of the two ascents will show the effect of the diurnal cooling and 
vertical mixing on the shape of the Tephigram. Both at 1830 hrs. I.S.T. on 20th 
and at 0930 hrs. the next day the temperature at 800 mb. level remained constant 
at 59°F , while the air lasers below 800 mb. level have been affected by the diurnal 
cooling. The minimum on 21st was 65°F. so that an inversion, (excepting the 
shallow ground inversion), was not likely to occur. By 0930 even the shallow ground 
inversion was destroyed by vertical mixing winch extended up to 870 mb. The 
lifting condensation level at 0930 was at 880 mb. so that the thickness of the stratus 
could not be more than 300 ft. Since there was only an isothermal layer above, the 
vertical mixing would extend upward quicker thereby raising the condensation level 
to the region where the air layers were drier than that below so that the stratus 
could break up soon. 

On 21st November 1944 the sky was clear till 0300 hrs. I S.T. The 0600 hrs. 
observation showed 5/10 stratus which increased to 7/10 by 0900 when the base was 
given by code fig. 4. It disappeared during the next hour. The surface wind in 
the morning was NE about 10 p.m.h. while the upper wind from the ground up to 
2000 ft. above was ENE/NE, 20-25 m.p.h. which was strong enough to effect 
sufficient vertical mixing. 

(e) Ascent on 22nd July 1944 at 2230 hrs. I.S.T. (Fig. 12). 

The ascent shows the general conditions of the atmosphere during the monsoon 
months when the humidity content is very high from the ground to a considerable 
height. During monsoon the wind is generally strong and inversions are rarely found 
within the lower layers of the atmosphere. In the figure, a lapse rate, approaching 
the Value of dry adiabatic is found from the ground up to 820 mb. level, so that any 
little turbulence could bring about the required vertical mixing up to a good height. 
Hence usually during the monsoon season, through the lifting condensation levels of 
the evening ascents indicate lower stratus for the next morning, because of the 
thorough vertical mixing, condensation starts only at the mixing condensation level 
which is usually higher than the lifting condensation level. 

The minimum on 23rd was 66°F. so that either fog or stratus below 300 ft. above 
ground could be expected if condensation was to occur at the lifting condensation 
level of the lower layers. However, this was not possible as the strength of the 
surface wind, which was westerly, was more than 10 m.p.h. Hence the strong 
turbulence that ensued resulted in good mixing and raised the condensation level. 
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On 23rd morning the sky was almost clear ct 0300 hrs. while it was overcast with 
stratus by 0600 hrs. At 0900 hrs. also it remained overcast with base 3 (code fag-)- 
The west coast was raining throughout the day so that there was a continuous supp y 
of moisture from the west. Hence the stratus clouds, though slightly broken per- 
sisted till evening with base lifted to nearly 2000 ft. above ground at noon. e 
base lowered a little in the evening. 

Conclusion. — Thus the evening or night aerological ascents of the station gives 
to the forecaster direct information regarding the structure cf the different layers 
of the atmosphere over the station. This information, together witnathoroug 
knowledge of the synoptic situation, helps hun to decide the possibilities of e 
formation of stratus clouds over the station for the next day. 

I take this opportunity to express my grateful thanks to Mr. S. Basu and 
Mr. P. R. Pisharoty for the valuable suggestions and guidence given to me m 
preparing this note. 


Note :~~~TIie time refers throughout this note to the Indian Standard time in Existence dwdmg 
%e war period (6J hrs. ahead of G«a£T.h 
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Table III<«.) 

The figures in the columns give the number of days in the respective months, and j ears when stratus clouds were reported to 
have the corresponding heights of base above the ground (based' on observations recorded at 0900 and 1800 hrs, only). 
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BY 
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Abstract — Observations of fog at Alipore, Dum Turn, and Bally have been analysed and the fre- 
quencies of foggy days computed. The foggy days have then been classified according to the type of 
og* The distribution of times of onset and duration of fog and their association with sunrise have 
been discussed. An analysis of wind, cloud and temperature data before the onset of fog has been 
nade to find out the conditions which are most favourable for the formation of fog. The note concludes 
vith a discussion as to how a study of thermograph records of a station for the earlier part of a night 
nay be helpful m the prediction of fog during the next morning. 

introduction. 

Fog is an aviation hazard and forms an important subject for discussion of 
aviation interests. The object of this note is to discuss the characteristics of fog 
ever Calcutta which is an important station in the Trans-India air route. An attempt 
iias also been made here to find out how a study of local meteorological conditions 
in the evening may be helpful in the prediction of fog during the next moaning. 
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For the purpose of the present investigation tile observational data of Alipore, 
Dum Dum and Bally for the periods mentioned below were used : 

Place. Position. Period of record. 

Alipore .. Lat 22° 32' N. .. Long 88° 20' E. .. January, 1938 to December 

1940. 

Dum Dum .. Lat. 22° 39' N. .. Long. 88° 27' E. . December, 1938 to December 

1940. 

Bally .. . Lat. 22° 38' N. . Long. 88° 22' E. January, February, March and 

December of 1939 and 1940. 

Alipore data for years earlier than 1938 were not used as the corresponding data 
neither for Dum Dum nor for Bally were available. In preparing the statistics for 
this note occasions of fog were recognised in accordance with the international speci- 
fication and cases of mist or haze (visibility 4 or more) were not included. 

Monthly Frequency of Fog. Table I below gives the average frequency of foggy 
days during the months October to April at Alipore, Dum Dum and Bally and the 
average monthly frequency of foggy days common to all these stations. It was 
found from a preliminary examination that fog does not occur in other months m 
this locality. 

Table I. 


Month. 

Frequencies of foggy days per 
month. 

Frequencies of foggy days per 
month. 

Alipore. 

Dum Dum 

Bally. 

Common to 
all those 
stations. 

Common to 
Alipore & 

Bally 

October , . 

0 

1 


0 


November. . 

3 

1 


0 

. . 

December 

5 

3 

2 

1 

1 

January . , 

12 

4 

10 

1 

8 

February . . 

8 

5 

7 

3 

5 

March 

5 

4 

6 

2 

4 

April 

2 

0 


0 


Year . . . . . . j 

35 

18 


7 



It is seen from the above table that the monthly frequencies are less at Dum Dum 
than at Alipore and Bally particularly in January and February. The frequency 
is maximum in January at Alipore and Bally and more or less uniform during Decem- 
ber to March at Dum Dum. The industrial and domestic smoke which is more 
profuse at Alipore and Bally than at Dum Dum perhaps affords a larger number of 
nuclei for the formation of fog. It is interesting to observe that although Alipore, 
Dum Dum and Bally covers only a small area (about 35 square mile*), simultaneous 
development of fog at all these stations is but a rare occurrence. 

Classification of Fog. — From an examination of the meteorological conditions 
at the stations it has been found that the formation of fog was preceded by a fall of 
surface temperature due to radiation cooling. In some cases the dew point tem- 
perature remained steady, while in others dew point temperature was raised due to 
incursion of moist air, so that a comparatively small fall in dry bulb temperature 
was sufficient to initiate the formation of fog. The terms “ radiation 55 and 
** advection fog 55 have been used in this paper to denote the former and the latter 
types respectively as explained above. 
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The percentage frequency of the occurrence of the two types of fog in different 
months is shown, in Table II below : 

Table II. 


Month. 

Frequency of occasions of fog 
irrespective of the place of 
Occurrence. 

Common to all stations. 

Radiation. 

1 

Advection. | 

1 

[ Radiation. 

: 

Advection. 

October 

2 

0 

0 

0 

November 

5 

1 

l * 

0 

December 

11 

3 

0 

1 

January 

22 

11 

0 

1 

February 

9 

16 

0 

3 

March 

9 

S 

1 

1 

April 

2 

1 

0 

0 

Year . » 

60 

40 

2 

6 


* Common to Bum Bum and Alipore only. 

It is seen from the above table that the annual frequency of advection type of 
fog is less than that of radiation type, but the advection fog is more frequent than 
radiation fog m February. 

Time of Onset of Fog. — The frequency distribution of total number of occasions 
of fog observed at Alipore, Dum Bum and Bally in accordance with the times of onset 
is shown in Table III below 


Table III. 



Number of occasions when fog began at : — 


2100 

0000 

0300 

0400 

0500 

0600 

0700 

0800 

0900 

Approxi- 


to 

to 

to 

to 

to 

to 

to 

to 

to 

mate time 


2359 

0259 

0359 

0459 

0559 

0659 

0759 

0859 

2059 

of sun- 











rise. 


I.S.T. 

I.S.T. 

I.S.T. 

I.S.T. 

I.S.T. 

I.S.T. 

I.S.T. 

I.S.T. 

I.S.T. 

I.S.T. 

October 

0 

0 

0 

1 

0 

1 

1 

0 

. 

0 

0534 

November . 

0 

0 

0 

1 

2 

3 

4 

0 

0 

0550 

December . . 

1 

2 

2 

4 

4 

9 

4 

0 

0 

0609 

January 

0 

0 

1 

3 

8 

40 

11 

0 

o 1 

0620 

February 

0 

2 

3 

7 

13 

19 

4 

0 

0 

0610 

March 

0 

0 

6 

8 

21 

8 

1 

0 

0 

0546 

April 

0 

0 

0 

2 

2 

1 

0 

0 

0 

0517 

Year 

] 

4 

12 

26 

41 

18 

25 

0 

0 

. . 

%Frequency 

0 

‘2 

6 

14 

22 

43 

13 

0 

0 i 

* * 


The most favourable time for onset of fog, as it is observed from the above table, 
is near about the time of sunrise. 


Effect of Sunrise on Intensity of Fog.— Table IV below gives the % frequency of 
onset of fog before and after sunrise and the frequency distribution of the occasions 
when fog became thicker or thinner or continued with same intensity immediately 
after sunrise. 



136 


K. C. OHAKRAVORTTY. 


Table IV. 


Percentage frequency of occasions when fog : 


Began after sunrise. 

Began before sunrise. 

Began before sunriso but intensity 


decreased after 
sunrise. 

increased after 
sunrise. 

Constant 

after 

sunrise. 

38 

1 62 

12 

27 

23 


It ifl significant that when fog has begun before sunrise, it has sometimes a tendeu cy 
to persist with undiminished intensity or even to intensify further for some time afte r 
sunrise. With sunrise in calm weather the saturated layer of air in contact with 
the earth surface which was originally at a temperature slightly lower than or equal 
to that of the layers immediately above it, is heated up more quickly than the layers 
above because the amount of solar radiation reaching the ground is much larger 
than that absorbed by the top layers of saturated air, This sets up convection from 
the ground level, as a result of which the lower layers in their upward motion cool 
down adiabatically and in mixing with the upper layers help further condensation 
there. Thus it is often observed that at day-break fog on lower ground gets thinne r 
with a gradual intensification of fog in the upper layers. It is also noticed that with 
sunrise there is often a sudden thickening of fog at the lower layers extending up t° 
high levels. This process of thickening is so rapid that any transport phenomena or 
temperature balancing processes have not time enough to be operative in such cases. 
It is quite possible that sun light produces more hygroscopic nuclei and thus create^ 
a favourable atmosphere for enhanced condensation. With the advance of the day 
insolation takes the upper hand and fog at all the levels commences to disperse. 

Duration of Fog. — It will be seen from Table V below that fog seldom persists for 
more than 3 hours, January and February being the months of maximum duration 
of fog. 

Table V. 




Numb 

er of occasions when fog lasted for 

- 


Month. 

<60 mts. 

60 to 

1 19 mts 

120 to 

179 mts. 

180 to 
239 mts. 

240 to 

299 mts. 

300 to 

359 mts. 

more than 
359 mts. 

October 

1 

1 

1 

0 

0 

0 

0 

November 

7 

1 

2 

0 

0 

0 

0 

December 

8 

8 

0 

1 . 

2 

1 

0 

January 

17 

28 

12 

1 

5 

o ! 

0 

February 

7 

18 

9 

7 

3 

3 ! 

1 

March . . 

10 

8 

9 

8 

0 

0 

0 

April . . 

1 

4 

0 

0 

0 

0 

0 

Year 

51 

68 

39 

17 

10 

4 

1 

%Frequency 

27 

36 

20 

9 

r> 

2 

1 


-o- -The distribution of average surface 

Wind velocity during three hours preceding the commencement of fog at Alipore is 
ehown in Table VI below. Similar data for Dum Dum and Bally were, however, 
not available, 
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Table VI* 


| %Frequency of distribution of surface wind velocity. 

Calm. 

1 M.P.H. 

2M. P. H. 

3 M. P. H. 

4 M. P. H. or more. 

50 

M 

10 

0 

0 


The normal value of surface wind velocity at Alipore during early hours of 
morning in cold season when fog is most prevalent varies from 1*5 to 3 m, p. h.*, 
but it is seen from the above table that on most of the foggy days the wind velocity 
does not exceed 1 m. p. h. before the onset of fog. In this connection it may be noted 
that if the wind movement is large enough to produce a turbulence in layers of air 
above ground, it will prevent the development of a surface temperature inversion. 

Wind Direction at lower Levels before Onset of Fog. — The early morning pilot 
balloon trajectories of Dum Dum for the days when fog began at Alipore, Dum Dum 
or Bally shortly after the routine time of early morning pilot balloon flight (0300 
I.S.T.), as well as the pilot balloon trajectories of previous afternoons were examined 
with a view to find out the existence or nonexist* nee of southerly winds m lower 
levels before the onset of fog and the result is shown m Table VII below. 


Table VII. 


%Frequeney of occasions when * 

Radiation 

Advection 

fog. 

Any type 

Wind was southerly m the early morning but not so in 
previous afternoon 

r> 

76 

34 

Wind was southerly in the early morning as well as m pre- 
vious afternoon 

12 

l 

13 

12 

Wind was not southerly in the early morning but southei - 
ly in the previous afternoon 

20 

7 

11 

Wind was not southerly in the early morning or in i he 
previous afternoon 

3 

62 

i 4 1 

i 

43 


It is seen from the above table that on most of the occasions before commence- 
ment of advectxon fog southerly wind prevailed in lower levels in early mornings 
although there were no southerlies in the previous afternoons. The development 
of moisture laden southerlies in early mornings as mentioned above while changing 
the composition of air mass raised its dew point and created a favourable atmosphere 
for condensation. 

Temperature and Cloudiness, before Onset of Fog.— The effect of heat loss by 
radiation from surface during the night in cooling the lower layers of air is important 
for the formation of fog. The Table VIII below shows the change in dry bulb tem- 
perature during three hours ending at the time of onset of fog on different occasions. 

■*V* V. Sohoni — Meteorological Normals of Calcutta VoL XXV 1929* No. 1* Journal and Proceedings, 
Asiatie Society of Bengal. 
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Table Yin. 


Ill 


%1'requency of fall of temperature : 



<1°P. 

1° to 1*9° F 

2° to 2-9 °F. 

3° to 3 *9° F. 

4° to 4-9° F. 

5° F, or more 

^Radiation 

13 

47 

25 

5 

5 

5 

Advection ! 

36 

47 

17 

0 

0 

0 

Any type 

21 

48 

22 

3 

3 

3 


Taylor found that among the factors which determine the amount of radiation 
cooling of lower air, wind speed and cloudiness are important. Tt has already been 
observed that calm or very light wind is favourable for formation of fog. In regard 
to cloudiness it maybe mentioned that at night clear skies allow practically the whole 
amount of radiation emitted from the surface to escape into space but in cloudy 
nights clouds absorb a part of the outgoing radiation and reflect it back to the surface. 
Consequently clear nights are very suitable for radiation cooling of surface air. 

Solving the equation for the conduction of heat ^ 


dT T? 

(Where S=— ) with the boundary condition S= — ~ 
dz ftOiK, 


dt “ K >dz 2 - 
at depth Z=0, 


. . ( 1 )* 
Brunt 


obtained the following formula for radiation cooling of surface layers of the ground : 

2 Rfi 


T=T X — 


•\A x Pl G l VS 


where 


y/t — (2) 


T^Initial temperature of the surface layer of the ground at the time t=0. 
T— Temperature of the surface layer after time “ t ,J secs. 

Rn =Ket loss of heat by radiation from the ground to the atmosphere. 
/^Density 0 f ground. 

Kj— Specific conductivity of surface layer of earth. 

Ci=Specific heat of ground. 


The solution represented by the above equation corresponds to the case when 
the outward radiation is initially zero at the time “ 1 5? —0 and then instantaneously 
jumps up to the value R*. A near approach to such a change is possible under the 
following circumstances : 


1. With clear sky at the time of sunset. 

2. With a sudden clearing of overcast sky during tie course of the night. 

3. .With a rapid decrease of cloud amount with the advance of night. 

AsR n of equation (2) is positive under each of the conditions mentioned above* 
cooling should be continued with advance of night and for an appropriate value of 
R a the amount of cooling would be large enough to produce in due course a tem- 
perature inversion at the surface suitable for the formation of fog, unless the whole 
state of affairs is changed by the sudden development of an adverse meteorological 
condition in the mean time. It will be seen from Table IX below that in conformity 


*Page 139 Physical and Dynamical Meteorology 57 by David Brunt. (1944 edition). 
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with the above expectation either absence of cloud or a rapid di min ution of cloudiness 
with the advance of night is favourable for the formation of fog. 

Table IX. 


i Cloudiness %Frequcney of cloudiness m afternoons and evenings preceding foggy 

mnrmncfR 


1600 I S.T. 

17001 S.T. 

1800 I.S.T 

1900 I.S.T 

2000 I.S.T. 

Clear 

44 

47 

! 62 

71 

80 

Partly cloudy (cloud 5/10 
or less) 

35 

36 

28 

1 

24 

17 

Cloudy or overcast (cloud> 5/10) 

21 

17 

10 

J 

5 

3 


Recurrence of Fog on Consecutive Mornings. — It is interesting that when fog has 
once occurred on a particular morning there is a tendency of its recurrence on a few 
more consecutive mornings. The statement shown in Table X below is relevant in 
this connection The cumulative effect of heat loss by radiation during consecutive 
nights, unless it is counter-balanced sufficiently during the intervening daylight 
hours, is perhaps responsible for this phenomenon. 

Table X. 


Month and Year. 


Consecutive dates of fog at : 


January 1939 

January 1940 

February 1939 

February 1940 
March 1939 . 

March 1940 . 
December 1938 
December 1939 
December 1940 



Alipore. 

Dum Dum. 

Bally. 


12, 13, 17, 18, 19, 20, 

21 , 29, 30. 

20, 21 . 27, 28 

16, 17, 18, 19. 


13, 14, 15, 17,18, 19, 
20 , 28, 29. 


8, 9, 10 , 19, 20 , 22, 23. 


5, 0,7, 8, 10, 11, 12,13, 
14, 13, 10. 

11,12,15, 16, 

7, 8, 15, 16. 


24, 25. 

22, 23, 24, 25, 26, 

22, 23, 24, 25. 



28, 29. 

28, 29. 


2,3. 

2, 3,4; 9, 10. 


25, 26, 27. 

25, 26. 


22, 23, 24, 25. 



7,8 

1 




Prediction of Fog.— In an attempt to find out a method for the prediction of fog 
the differences 4 4 dry bulb — wet bulb 71 at 17 hrs I.S.T. for a large number 
of days for Alipore, bum Dum and Bally were plotted against the corresponding 
dry bulb readings. It was seen that the points representing the afternoons preceding 
foggy nights or mornings were scattered and no line could be drawn as in the case of 
Taylor’s diagram. The dew point temperatures at 17 hrs. for several' days at 
AJipore were then plotted against the corresponding minimum temperatures 
recorded during the following nights. It was found that fog ^occurred when* the 
dew point temperature at 17 hrs. was either greater than or equal to or less 
than^the corresponding minimum temperature, — a fact which indicates that the air 
mass at 17 hrs. often undergoes a change before the onset of fog. So for the 
purpose of fog prediction one has to foresee not^only the probable change in D. B. 
temperature but also the probable change m the Dew Point during the course of the 
night. * Whatever may be the local meteorological elements necessary for the conden- 
sation of fog, these elements are likely to set in at least a few hours before the conden- 
sation except in disturbed weather when a rapid change in meteorological condition 
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8 not unlikely. So when 17 hrs {synoptic chart does not indicates any 
possibility of development during tile course of the night of elements adverse to 
}he formation of fog, a study of actual character of variation of dry bulb and wet 
pulb temperatures during the earlier half of the night may be helpful for the predie- 
ion of fog during the later half. It is expected that at least for a lew hours before 
he condensation of fog the difference “ dry bulb— -wet bulb will gradually diminish 
ill it will ultimately vanish with the commencement of fog. Let 0= difference 

D. B. — W. B. and t=time. Knowing the values of 0, ^+-.”9 near about mid 

dt 2 

light from the curves representing the relation between $ and t during the earlier 
lalf of the night one can iind out whether ce 0” is tending towards 0 after mid- 
light and if so, he can also guess the interval of tune since midnight to be required 
>y a G to attain the zero value. From an examination of the records of the Allpore 
thermograph for the years 1938-40 it was found that fog occurred on most of the 
mcasions when the interval of time so guessed fell within the normal hour of minimum 
temperature. The occurrence of fog was found to be very rare on occasions when 6 
lid not tend towards 0 or 'when the calculated interval of time mentioned above 
ell outside the normal hour of minimum temperature. In order to illustrate the 

ibove method of study, values of 0, and the calculated values of time interval 

since midnight for condensation to set in in respect of three consecutive days of each 
if the months December to February are shown in Table XI. 

Table XT. 


Bate 

f 

■a 

1 

i 

4 a 

eg 

CD 

j 

i 

§Pq 

M° 

gS d 

Lj 

is 

0 SO 
1 

CD | 3 

■a Is a 

=J o 

Jw 

|.s 

d 43 

-d 

CD M 5P 

1 

Tendency of 0 
towards zero or not. 

i 

Interval calculated for 

e “ to ” 0 - i 

o 

ffl .a 
£eh 
o co 

U * 

d tt 
o 

H3 

i's 

o o 

CL pS 

M'S 

H P 

Normal hour of j 

minimum (I.S.T.). j 

Whether fog occurred. * 

1 

1 

1 

Time of onset of fog 
if any (I.S.T.). 

Date of onset of fog 
if any. 

1 

27-12-38 

3 

+ 1 

+ 1-0 

1 

No 



0600 

No. Fcg. 



28-12-38 

2 

0 

0 

No. 







29-12-38 

1 

—1 

0 

Yes 

1 hr 

0100 


Fog. 

0352 

30-12-38 

26-1-39 

3 

* — 0*5 

0 

Yes 

6 brw 

0600 



0527 

27-1-39 

27-1-39 

2 

0 

0 

No 




No, F« g 



28-1-39 

2 

—1 

0 

Yes . . 

2 his. 

0200 

L 

Fog. 

0607 

29-1-39 

7-2-39 

2 

— 1 

0 

Yes. 

2 hrs. 

11 

4j 


Of 52 

8-2-39 

8-2-39 

4 

—0*5 

0 

Yes 

8 hrs. 

0800 

tf 

zb 

o 

pR 

6 

& 


-• 

9-2-39 

3 

2 

— 1*0 

; Yes. 

2 hrs. 

j 

0200 


F,g. 

0522 

10-2-39 


In conclusion I wish to express my thanks to Dr. P. K. Sen Gupta, D.Sc., Assistant 
Meteorologist, for his valuable suggestions and guidance throughout the work. 
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THE MEKRAN EARTHQUAKE OF THE 28th NOVEMBER 1C 45. 

BY 

C. G. PENDSE 


(Received on 7th October 1946) 

Abstract —This Note contains an account of the great Mekran Earthquake of the 28th November 
1945 The seismic history of the area is outlined and the available seismometrxc data aie summarised. 
The magnitude and the energy of the earthquake are calculated and it is found that, so far as the 
magnitude is concerned, this earthquake is not particularly important m companson with other great 
earthquakes. The important feature of this earthquake is the seismic sea wave associated with it. 
The available information regarding the effects of the sea wave has been summarised The isoseismal 
lines for the earthquake, based on field reports, are shown m a map and inferences are drawn from 
them. Additional information, especially about the tvo islets reported to have been thrown up by the 
earthquake, is given. 

Introduction, 

The object of this Note, which consists of six sections, is to give a brief account 
of the earthquake of 1945 November 28 which, with its epicentre under sea near the 
Mekran Coast, was attended by a disastrous seismic s<a wave. Sect ion 1 gives a 
sketch of the earthquake history of the region over which it was felt. Section 2 gives 
a summary of the available seismoxrtetric information. Section 3 gives the sei&mo- 
mdric estimate of the magnitude and energy of t he earthquake. Section 4 contains 
a map showing the isoseismal lines for the earthquake andthe conclusions drawn from 
it. Section 5 contains an account of the seismic sea wave mentioned above. In 
section 6 is given some additional information regarding the shock. 

1. The seismic history of the area of the Mekran earthquake. — The earthquake 
which shook the Mekran Coast, Baluchistan, Sind and parte of the Punjab 
in the early hours of the morning of the 28th November 1945 was by no means a rare 
event for that portion of the globe. Earthquakes have been known to occur in that 
area in the past, and we mention below some important ones. 

1819 Jure 16 .. .. .. .. Cutch. 

1892 December 20 . . . . . . Ch&man, Baluchistan. 

1909 October 21 . . . , . . . . Baluchistan (Kaehhi). 

1931 August 27 . . . . . . Mach, Baluchistan. 

1935 May 31 . . . . . . . . Quetta. 

Durirg the last few years there have been some earthquakeshaving epicentres near 
the Mekran Coast and Karachi. Some of them axe listed below . — 

Time (G.M.T.) Epicentre 


1938 February 4 

OOh. 19*0m. 



.. 25*5° N., 

.. 63*5° E. 

Mekran Coast 

1938 September 2 

20h 29*0m, 



.. 

Ormara. 

1940 January 7 . . 
OOh. 1* 9m. 



’* 26-0° N., 

.. 63*0° E. 

Near Mekran Coast 

1941 October 29 

I3h 13m. 

♦ * 


. . 28 6° N., 

.. 63*5° E. 

Baluchistan. 

1942 Julv 3 

02h. 50m 30s. .. 

* * 


.. 24*5° N., 

. . 65 5° E. 

Felt at Karachi, 

1942 July 4 

08h. 48m. 20s. 



Near 25° N„ 

. . 67° E. 

Baluchistan. 

1943 February 6 

02h. 35ir» 4Sa. . . 



.. 24*2° N. t 

*. 62-6°E, 

Near F'asni, 
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An increase in the seismic activity in this region is noticeable in recent years, 
since, according to the International Seismological Summary, there are only about half 
a do&en earthquakes with epicentres in this area, for the period 1913-34. This rela- 
tive increase cannot and should not, however, be used: to make a forecast of the earth- 
quake activity in the region in the coming years. 

2. A summary of the available seismometric data. — The earthquake of the 28th 
November 1945 was, as recorded by the seismographs 1 hroughout the world, 
one of great intensity. It is not possible to locate the different phases of the earth- 
quake in the available Indian seismograms ; in the case of photographic records of 
Milne-Shaw seismographs, the traces were invisible for some time after the first im- 
pulse ; in the case of mechanically registering seismographs, the motions were so large 
and rapid that the onsets could not be marked with certainly and accuracy. The 
epicentre and the origin time of the earthquake have been determined from the times 
of the onsets of the P-phase at the different stations. The data are summarised be- 
low: — 


Station 


Bombay 
Hew Delhi 
Calcutta 

Hyderabad (Deccan) 
Kodaikanal 


Time of commencement 
(G.M.T.) 

.. eP « 27d. 21h. 59m. 19s. 

iPg «= 27d. 21h. 59m. 20s. 
.. iP N = 27d. 21h. 59m. 54s. 

iP F = 27d. 21h. 59m. 56s. 
.. iPfi = 27d. 22h. 02m. 00s. 

. . iPtf ~ 27d. 22h. 00m. 3ls. 
.. iPE s=- 27d. 22h. 01m. 19s. 


Origin time : 27d. 21h. 56m. 40s. G.M.T. Epicentre : 24*2°N., 62*6° E, The epi- 
centre is under sea near the Mekran Coast and is about 75 miles away from Pasni. 

3, The magnitude and energy ol the earthquake.— -From the available 
seismograms, the Milne-Shaw north-south component seismograms of Bombay and 
New Delhi were useful. 


The following method for calculating the magnitude of the earthquake was used 
for the data of each station. 


A' (the maximum amplitude of the recorded trace in millimetres) and T (the cor- 
responding period of the ground mow ment in seconds) were measured from the seis- 
mogram. a (the true ground displacement in microns corresponding to £') was 
computed (using the appropriate dynamic magnification factor). Then the values 
of a and T were substituted in the equation 


m 1000 [ a , 

where F= 2800, w = i_ > T o = 0-8 secs., h = 0*8. 

To 

A gives the amplitude (in millimetres) of the trace recorded at the station by a stand- 
ard torsion seismometer (a seismometer having the constants prescribed above) cor- 
responding to A'. M (the magnitude of the earthquake) was then calculated by means 
of the formula 

M = log A— log A 0 , 

where log A Q depends only on (the epicentral distance of the" tecording station) . A 
comprehensive discussion of the question of the magnitude and energy of earthquakes 
is given in section V of B. Gutenberg and C. F. Richter’s paper “ On Seis- 
mic Waves (Third Paper)’*, Gerlands Beitrage zur Geophysik, vol. 47, pp. 73 — 131, 
1936 ; and the value of log A 0 corresponding to an assigned value of A can be read off 
from Fig. 6 on p. 120 of the paper. 
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After calculating M for both the stations and taking the average of the two values 
the energy of the earthquake was calculated by means of the formula 

E ^ E 0 10** 

where the value of E 0 has been empirically taken to b© 10 8 ergs by the above 
authors* 

The results of the calculations are given in the following table : — 


Station. 

A' 

T 

a 

A log A 

A 

log A q 

M 


mm. 

sec. 

P 

mm. 

o 



Bombay 

.. 95 

18 

950 

5 3 0*72 

11*0 

— 5*9 

6*6 

New Delhi . . 

100 

28 

2220 

5*1 0 71 

13*9 

— 6*0 

6*7 


Mean value of if = 6*65 


Hence 

E = 10 8 x 10* X *•“ ergs 
= 10 8 x 10 13 * a ergs 
= 10 21 • 8 ergs. 

Thus the estimate of the magnitude of the earthquake is about 6*7 and that for 
the energy of the order of 10 21 ergs. From Gutenberg and Richter's tables giving 
their estimates of selected shocks, we find the following earthquakes whose magnitudes 
are approximately 6 * 7, i.e.» the magnitude of the Mekran earthquake. 

Bate E picentre in 

1932 July 12 . * . . . . Gulf of California 

1932 December 7 . . .. .. Mexico 

1934 January 28 . . . . . . Mexico 

1934 M$,y 4 . * . . . . Alaska 

1934 July 28 Alaska 

1934 November 30 . . . . Mexico 

For purposes of comparison of the earthquake under consideration with otheifc 
as regards magnitude, the following list of a few selected earthquakes is given from the 
material provided by Gutenberg and Richter. 


Date 

Epicentre in 

Magnitude 

1905 April 4 

. . . Kangra, India . . 

7} 

1912 May 23 

. . Burma . . 

.. 8 

1912 August 9 

. . Turkey 

8 

1922 November 11 . , 

. . Chile 

8-4 

1923 September 1 . , 

. . Japan 

8*1 

1933 March 2 

. . Japan . . 

8*3 

1934 January 15 

. . Bihar . . . . * 

8*2 

1935 May 30 

. . . Baluchistan (Quetta) 

7*7 


It is seen, therefore, that in comparison with promine ntlarge earthquakes of the 
past, the Mekran earthquake was not particularly important so far ?is its magni- 
tude is concerned. Its importance and interest are due to the seismic sea wave 
associated with it. 

In contrast with the Quetta earthquake, which caused great (Jest-ruction locally, 
this earthquake, by itself, did little damage ; the damage was due to the seismic sea 
wave. 

4. The area' affected by the earthquake,— The places in India most dis- 
tant from the epicentre where, the earthquake was experienced were Dera Ismail 
Khan and Montgomery. The distribution of the intensity of the* ground, naotion ^ ue 
to the earthquake is shown in the accompanying map showing the isoseisma! lines. 

From the elliptical isoseismal lines, we can draw the following conclusions : — 
(I) The intensity of the shock falls off much less rapidly along the major axis 
than along the minor axis. 

(21 The main direction of the distribution of the shock is almost parallel to 
the north-east through the epicentre. 
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(%) The areas in square miles for the different intensities can be approximately 
indicated as follows* : — 

Intensity (Kosai-Forel Scale) Area (Thousand square miles) 

> 10 .. .. 11*5 

33 


> 8 

> 7 

> 5 


88 

440 


21-5 

65 

352 


(In making the above es^ imates of the areas the following assumption has been 
made: — 


The portions of the isoseismal lines in the region under sea are such that the 
complete lsoseismals are symmetrical about the north-west direction through the 
poinl 24*3°N., 63 °E., which is approximately at the centre of the system of isoseis- 
mals.) 

5. The sea wave associated with the earthquake. — Level changes of as 
much as 50 feet have been recorded in connection with fault movements causing earth- 
quakos. Sea waves are produced whenever such changes, or extensive landslides, 
occur m the sea bed. Owing to their association, in most cases, with earthquakes, 
these waves are called seismic sea waves or “ Tunamis ” and, popularly though erro- 
neously, Tidal Waves. 

Not all land earthquakes are accompanied by surface fault movements. Simi- 
larly, not all submarine shocks are accompanied by changes in the level of the sea 
bed and the resulting seismic sea waves. Actually, it is found that the number of 
submarine earthquakes, which cause destructive sea waves is very small. 

The earthquake in question was attended by a seismic sea wave which affected 
the whole of the Arabian sea-board. Karwar, about' 1 ,( 00 miles away from the epi- 
centre, was the most distant place at which the 4 tidal 1 wave was reported to have 
produced tangible effects. At Karwar, the wave flood* d the ere* ks and inlets, and 
boats anchorf d in the harbour were cut off from their moorings, though no damage 
was done. The available information regarding the wave is summarised below. 

Meier an Coast — Pasni, an important trading centre along the M< kran Coast 
and distant about 75 mdes from the epicentre, was overwhelmed by the wave, there 
bring serious loss of life and property. At about 4 A.M. a wave was noldcccl but it 
did not come inland. At about 7-15 A.M. another wave swept over the town and 
caused widespread havoc. The height of this wave has been estimated variously 
from 40 ft. to 50 ft. Serious loss of life and property was also caused at Ormara 
(about 130 miles away from the epicentre) and in several coastal villages. Large 
quantities of fish were washed inland on the coast. 

Karachi . — Karachi, which is at a distance of about 2^6 miles from the epicentre, 
experienced waves affecting the harbour at 5-30 A.M., 7 A.M., 7-50 A.M. and 8 15 
A.M. The last one was the largest and its height was estimated to be i\ ft. above 
normal. Fortunately, the times at which the waves occurred were different from 
the times of high tide at Karachi on that day, namely, 06h. 37m. and 19h. 46m. I.S.T, 
The last wave, which was the largest, is reported to have produced a slrong ebbing 
current of between 4 and 5 knots, apparently during its recession. The wave caused 
damage in the Karachi harbour and loss of life and property along the Karachi coast. 

♦The figures in the last column give the areas (in thousand square miles) of the portions between 
the successive isoseismals . 
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Bombay, — Bombay, *50 miles away from the epicentre, experienced a wave at 
8-15 A.M., its height being 6$ ft. There was some loss of life. Fortunately, however 
the times of high tide for the day were 06h. 58m. and 20h. 12m. I.S.T. ’ 

6. Additional information regarding the earthquake.— It has been re- 
ported in the Press that two rocky oval islets were thrown up by the earthquake about 
180 miles west-south-west of Karachi. The islets are about 3 miles apart, one rising 
about 30 feet above the water and the other about 100 feet ; the former is about one 
and a half square miles and the latter about a square mile. When the officer command- 
ing the Indian naval ship Hindustan first saw the new islets, he examined his 
charts and then sent out the following signal : “ Two uncharted islets have appeared 
in the approximate position of 25 degrees and 7 minutes north, and 64 degrees and 
15 minutes east ”. A correspondent of the Associated Press of India who was on the 
ship has reported that, according to the information gathered from the villagers, 
immediately after the earthquake a loud rumbling noise was heard and was followed 
by a huge sheet of flame and columns of smoke and that these were followed by the 
seismic sea wave. 
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FREQUENCY OF MICROPULSATIONS AND THEIR VARIATION AT ALIBAG 

BY 

S. K. Chakrababty 
(Received on 9th October , 1946). 


Abstract . — Micropulsations are recorded as a distinct type of sliorfc period oscillations in the 
magnetograms which record continuous variations in the sreomasnetic field. With a view to study the 
frequency of occurrence of these short period oscillations at Ahbag and the possible nature of their 
variations with seasons and sunspot activity, the geomagnetic records for the years 1937, 1938 1940, 
1941, 1944 and 1945 have been examined and the results have been analysed. 

It appears that the diurnal variation of the frequency of micropulsations has a sharp maximum 
round about the local midnight and the position of the maximum as well as its intensity vanes with the 
sunspot activity* The seasonal variation, however, is not very marked. The correlation between the 
frequency of micropulsations and the international magnetic character figure has been examined. The 
Results show the possibility of an attenuation of the frequency by the magnetic activity. The 27-day 
recurrence tendency has also been examined. While in 1944 it was very marked it was not so in the 
other years. 

The results obtained have been compared with similar results for observatories at high latitude, 
viz., at Tromso and Sodankyla. A table showing a few details of some characteristic pulsations has been 
given which when compared with the recorded pulsations, if any, during the same period, in other 
observatories will possibly lead to a determination of the nature and position of the ionospheric current 
system with which these micropulsations are possibly associated. 

Micropulsations are a special type of short period oscillations which are recorded 
at different times in the magnetograms recording continuous variations of the geo- 
magnetic field. They occur during storms, when however, they are mixed up with the 
large variations of the magnetic elements and also on quiet periods. The periods of 
such oscillations, given by the interval of time that elapses between two consecutive 
crests in the waves, vary between a few seconds to as much as 5 to 6 minutes. In 
ordinary magnetograms where the time scale is about 4 minutes to 1 mm. short period 
oscillations appear as serrations, but those with longer periods appear with a charac- 
teristic and easily distinguishable series of sinusoidal waves. In such cases the period 
of the wave remains more or less constant during the interval they are recorded but 
the amplitude in some cases increases gradually to a maximum and then gradually 
# decreases until it disappears, although in some cases the amplitude remains prac- 
tically unchanged during a considerable period of its existence. Several authors 1 
have studied the different properties and their variations and have designated them 
as “ Micropulsations ” or “ Giant Micropulsations 99 or cc Sinusoidal Oscillations 
Most cf the results published relate to those recorded in different observatories at 
high altitudes. While in some features they vary from place to place, vet it is 
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observed that- the, frequency of these micropulsations has a maximum near about the 
local midnight and a minimum near about, three, hours before local noon. The ratio 
of the numbers at the maximum to those at the minimum , however, varies widely 
with the geographical positions of the observatories Moreover it has been noticed 
that in many cases they are not recorded simultaneously at two stations which are 
quite close to each other and as such are considered as a local phenomenon as opposed 
to the world-wide nature of the magnetic storms and disturbances. The regularity 
in the form of these pulsations may suggest that they are due to resonance effects 
in the instruments. This is ruled out by the fact that the magnets in the vario- 
meters have a much shorter free oscillation period which usually varies between 5 and 
15 seconds. It is the purpose of the present paper to study the occurrence, frequency 
and variations of these micropulsations at Alibag ( <p~18°*6, X=72° *9). 

On the ordinary time-scale, viz , 15 mm. for an hour, it i& not possible to find out 
the very short period fluctuations, but those with period equal in or more than 1 
mmut“ tun be easily recognised. Pulsations of shorter period can also be recognised 
if the double amplitude is about. ?y or more. In the present paper we have thus 
considered only those pulsations whose double amplitude is either equal to or more 
than 3y or whose period h equal to or more than 1 minute. It has been noticed in 
the Alibag magnetograms that in practically all the cases where D and V variometers 
have recorded a pulsation, a similar pulsation has also been recorded by the H vario- 
meier but the converse is not always true. Moreover the V variometer at Alibag 
being very sensitive the traces on some days have a jagged appearance all throughout 
the day. Hence for +he sub* of homogeneity in the data we have counted only the 
micropulsations recorded in the horizontal intensity magnetograms and it is highly 
probable that by doing so practically all the micropulsations have been i a ken into 
consideration. At Alibag sometimes even on quiet days during the day time irregu- 
lar vibrations are recorded in the H trace continuously for a long period. Moreover 
in the post -perturbation period after a magnetic storm of moderate intensity, the 
H trace sometimes continues to record oscillation* of small amplitude, though in most 
eases their period is large. Since it is our purpose to study the micropulsations as an 
isolated phenomenon, we have considered only those micropulsations which arc sur- 
rounded by quiet periods or at lea.st those which cannot be associated with any effect 
of disturbance, immediately preceding it. Such pulsations are shown in Figs. 7 
(liU \ 2. "Visually such pulsations can be divided into two groups depending upon the 
variations of their amplitudes. The first group in which the amplitudes do not vary 
appreciably during the whole period of pulsations have been classed in this paper as 
A and the other group where the amplitude gradually increases t o a maximum value 
and then decreases to zero have been classed os B. It is found that about 40% of 
the total number of micropulsations recorded in a year are of the type B. The total 
duration of such mieropiilsations varies between 4 minutes I o about an hour There 
are a few cases where such pulsations have continued for more than two hours which 
can also be associated with a feeble disturbance. Such micropulsations have, however, 
not^been counted but I have given some details of some such oscillat ions in Table 3 
so that magnetograms of other observatories may be examined for these periods in 
order to study whether they are really associated with any storm or are real micro- 
pulsations. 

For studying the variations of these micropulsations also with seasons and sun- 
spot activity I have examined the magnetograms for the years 1937, 1938, 1940, 
1941,. 1944 and 1946, where the first two years include a period of maximum sunspot 
activity and the last two that of minimum activity. In Fig* 4 , 1 have plotted tht 
frequency of these micropulsations during each hourly interval centred at full hours 
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of G. M. T. for the whole series consisting of groups A and B. The figure shows the 
mean diurnal variations of the occurrence of these pulsations It appears that near 
the sunspot maximum the maximum frequency lies at 18hrs. G. M. T. which then 
gradually shifts towards later periods with the decrease of sunspot activity and for the 
years round the sunspot minimum the maximum occurs at about 20 hrs. G. M. T. 
Since 19hrs. G. M. T. practically coincides with the local midnight, his clear that the 
maximum frequency of the pulsations occur within about- 1 hour of the local midnight 
although it occurs before the midnight during the sunspot maximum years and after 
the midnight during the sunspot minimum years. A similar shift in the time of 
occurrence of the maximum has also been noticed in the data of Sodankyla by 
Sucks dorffh The maximum ordinate of the frequency curves also diminishes with 
the increase of sunspot activity. Besides these there seems to be lit He variations of the 
frequency with sunspot activity. The, ratio of the frequency of pulsation during 
the three hours centred at local midnight to that during the llm o houis centred aboui 
the minimum which is at about 3 hrs. G. M. T. is about 5*0 m ihc sunspot maximum 
years, 11 during years of medium activity and 46 in the sunspot minimum years. 
The corresponding figure for the whole group of six years under consideration is II. 
The similar figures for Samoa and Potsdam are 4*2 and 110 respectively. The 
minimum m the diurnal distribution, however, occurs in the forenoon between 2-4 
hrs. G. M. T. The diurnal variation in that- of B group alone is more or less similar 
to that of the total number consisting of both A and B and there is no marked 
difference between their variation. 

In Table I, I have given the frequency of the se pulsations during the different 
months of the different years. It shows that there is no consistent variation with 
seasons. During the years 1S37, 1S38 and also in 1940 their distribution over the 
seasons was fairly uniform whereas during 1944 they were much more frequent m the 
solsticial seasons as compared to the equinoctial season. Ha rang 3 has shown tha; 
the annual curve at Tromso indicates two maxima near the exquinoxes but the ana- 
lysis of Rolf 1 shows that at Abisko the autumn maximum was very prominent bur 
the spring maximum was lacking though Abisko is only about 150 km. away from 
Troms . 


Table 1. 

Annual and seasonal variations of Mieropuhalion frequency in different years. 



J 

F 

M 

A 

M 

J 

a 

J 

8 

O 

N 

D 

d- 

e- 

}- 














solstice 

equinox 

solstice 

mi 

17 

10 

13 

12 

15 

7 

5 

17 

13 

5 

5 

9 

41 

43 

" 44 

1938 

6 

9 

17 

7 

8 

10 

0 

20 

7 

8 

12 

12 

39 

39 

44 

1940 

4 

12 

8 

15 

15 

3 

9 

10 

6 

6 

6 

11 

33 

35 

37 

1941 

4 

9 

4 

6 

6 

8 

12 

16 

7 

8 

3 

8 

24 

25 

42 

1944 

S 

17 

6 

5 

n 

12 

12 

9 

5 

0 

IB 

7 

45 

22 

40 

1945 

10 

7 

5 

2 

4 

7 

5 

7 

17 

3 

14 

a 

37 

27 

1 23 
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Tke monthly values, however, vary m a way similar to the variation, of the 
monthly mean international character figure C. A rise in the value of 0 (mean, monthly 
value) from month to month is generally associated with a fall m the monthly value 
of the frequency of the pulsations and vice versa, though the degree of variation is 
not always equivalent. This possibly means that these pulsations are equally 
frequent in all seasons hut they are sometimes masked by the ordinary disturbances 
and hence with the increase m disturbance their frequency decreases. To study 
whether there is any connection between mean magnetic activity and the occurrence 
of these pulsations, I have examined the correlations between the monthly mean 
character figure and the number of days every month in which pulsations were 
recorded. The 24 months of 1937 and 1938 have been considered in one group and 
those of 1944 and 1945 have been considered in another group The correlation 
coefficient is negative in both cases but its magnitude is *31 m the sunspot maxi- 
mum years and *48 in the sunspot minimum years. This possibly shows that the 
pulsations are not directly connected with magnetic activity but the latter indirectly 
affects the total number of pulsations by suppressing some of these pulsations under 
the greater fluctuations caused by magnetic disturbances. 

The days of pulsations were examined to find out whether there was any 
definite period after which they re-appear. It was found that in a large number of cases 
they re-appear on consecutive dayvS and sometimes at exactly the same hour, parti- 
cularly when it is round about the local midnight. Johnston 2 has found than the 
very short period pulsations have a marked 27-day recurrence tendency. In the 
present case it was found that generally only 30 to 40% of the recorded pulsations 
show a 27-day recurrence tendency. In Take 2, I have shown d ites on which pulsa- 
tions showing recurrences were recorded during 1914, on which recurrences were 
maximum among the years considered in the present paper. 


Table 2. 

27 -day recurrence tendency of Micropulsations at Alibag in 1944 . 


Months. Initial dates and ,Ufco3 of rourro 100 >f d ;r ipilsitions m 1914. 


January 



0 

. . 

. . 


. 24 

. . 






2 



February * 



5 




20 



23 


26 

. . . 

. 29 

3 

4 

March . . 



3 

. . 



18 



21 

. , 

24 

. . 

. 

1 

2 

April . . 



. . 




. . 

15 


. . 

. . 


. . 


.. 

25 

May 



23 

24 



. . 

12 


14 

15 

17 

18 . 


21 

22 

June 



* * 

20 

3 


7 

S 


10 

11 

. . 

14 



» & 

July 





27 


. . 

5 


7 

8 





15 

August .. 





23 


27 

1 


. . 

31 

. . 

. . 



. . 

September 





19 


. . 









7 

October 




2 

.. 

18 

20 


22 




. . . 

. 28 



November 



. . 

29 

.. 

14 

16 

.. 

18 





24 



December 


«• 




11 












The variation of the total number of pulsations recorded in a year with sunspot 
activity is also not very marked. It appears that during the maximum sunspot years 
the total number recorded at Alibag is somewhat greater than the number recorded 
during the minimum sunspot years or during years of moderate activity. Harang 3 
has however, shown that at Trornso (<p = f>9°*7, X = 18° *7) micropulsations were 
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.frequently recorded during tie International Polar Years, 1932-33, which is around 
tie sunspot minimum but during 1937 -38 the number recorded in the northern part 
of Scandinavia and Iceland was very low. It is interesting to note that at Tromso 
no pulsations of normal character were recorded between March and November 
1938, though Sucksdorff 4 has reported that during this period as many as ten pulsa* 
tions were recorded at Sodankyla (9 = 67° *4, X = 26° *6) although the two stations 
-axe quite near to each other. Alibag magnetograms were examined for the same days 
of 1938, but no trace of pulsation could be noticed. La Cour 5 has reported that a 
pulsation was recorded on April 22, 1938, at Copenhagen, but from the paper of Sucks- 
dorff it appears that if at all this can only be associated with one recorded at Sodan- 
kyla about two hours later. This was not recorded at Alibag. On the other hand 
there are instances when micropulsations during very quiet period have been re- 
corded at distant stations. In Fig. 7, 1 have shown the record of a pulsation which 
occurred between 1500 hrs. to 1520 hrs. G. M. T. on the 26th May 1942 during very 
quiet period which was recorded simultaneously at Alibag and Dehra Dun* though 
the two stations are more than 1600 km. apart. A number of similar examples are 
also available. These facts show that all the pulsations recorded cannot be consi- 
dered as a local phenomenon. La Cour 6 has also classified the recorded oscillations 
of the magnetic elements at Copenhagen during 14hrs-18hrs G. M. T. on March 1, 1942 
as a giant pulsation. This was recorded also at Alibag and Dehra Dun and during this 
period the maximum double amplitudes recorded at Alibag for D, H and Y were 
0' * 7, 18y and 4r respectively. In Fig. 3, 1 have shown the records of Alibag and Dehra 
Dun for this pulsation. But this is associated with the storm of great intensity which 
had a sudden commencement at about 7h. 27m. G. M. T. on March 1. But this is 
certainly of a different type and is associated with different causes than the micro- 
pulsations discussed above, which usually occur during quiet periods and cannot be 
associated with any disturbance either before or after its occurrence. In T-able 3, 
I give some details of a number of pulsations which have been recorded at Alibag 
during quiet periods and was quite significant for their continuation for a long 
period. It would be interesting to examine whether such pulsations are a local 

Table 3- 





Max. don hie amplitude. 


Date. 

Time of 
start. 

Time of 
end. 


V 

D 

Period. 

Remarks. 

13-10-37 

G. M. T. 
0430 

G. M. T. 
0920 

r 

9 

r 

4 

Min. 

0*5 

Min. 

6 


17-1-38 

0640 

1150 

13 


0-67 

4 

Probably associated with. 

15-9-41 

0620 

0820 

6 


0*3 

4 

a disturbance which 
commenced suddenly 

1 at 1835 hrs. on the- 
| 16th. 

* 7-9-44 

0930 

1430 

5 


0-1 

2 



* I am indebted to the President, Survey Research Institute, Dehra Dun, for kindly sending me 
the magnetograms of the Dehra Dun Observatory. s 
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phenomena or they have also been recorded in observatories at higher latitudes. In 
that ca«e a measure of ihe variation of l he amplitudes and periods, if any, with the 
geographical positions may possibly lead to some indication as to the nature and 
position of the ionospheric current with which these micropulsations are associated. 

Haiang 3 has stated that during the appearance of the giant pulsations m the 
magnetic elements on December 28, 1938, the echo record also indicated pulsations 
in the ionospheric region at the height of 050 — 800 km. with exactly the same period 
as that of the pulsations recorded m the magnetograms. He has suggested that the 
Cause of these pulsations is situated at a high level in the ionosphere. The sugges- 
tion is interesting but requires careful examination and also an analysis of a large mass 
of similar data before it can be accepted. It is unlikely that the cause of these pulsa^ 
lions can be at such high level m the atmosphere since in that case it should always 
be simultaneously recorded in adjacent stations which is found to be otherwise m 
a number of cases. 

The results obtained in the present paper show that these micropulsations occur 
uniformly throughout the year and also do not vary appreciably in number with sun- 
spot activity. The diurnal as well as annual variation observed may also be affected 
by the fact that' the miCropuisations are sometimes masked by the irregularly 
appearing perturbations due to the magnetic disturbances and as such escape 
detection. The magnetic activity will possibly attenuate rather than accentuate the* 
total number of pulsations in a year and also their variation. 
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Fig. 2. Records of pulsations continuing for a long period 

(a) A J i bag D and H for 16 ^ May 1944 . 

(b) Alibag D and H for 7- September 1944 . 

tP^y^eT-cUzc-dton/ 



Fig. 3. Giant pulsation recorded between 1400 hrs. to 1600 hrs. G.M.T. 
on1 ? t March 1942 . (a)Alibag D. (b> Alibag H.(c)Dehra DunH. 
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Plate II 
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Fig. 4. Diurnal variation of the frequency of 
micropulsation at Alibag . 



mo 49X 127 
500 


1HOII METEOROLOGICAL DEPARTMENT 


SCIENTIFIC NOTES 


Vol. X, Ho. 127 


Computation of winds in the atmosphere in 
low latitudes 

Part 1 -Stationary Pressure Systems 

BY 

S. K. PRAMANIK. 


{Received on 25th January 1946) 


PtmtlSTtlCT) BT THE MaKAGER OF PTTBUCATTOSrS* BeLBI 

Bkeoteb its Ikdia by t&e Manager, Gotbritmesjt ob I^bxa Press, Sxmxa 

194S- 

Price As. ~16[~ or 7d. 





Volume X. 


N nmbei 127 
551*558*5? 


COMPUTATION OF WINDS IN TEE ATKQ8PBEEE IN LOW LATITUDES. 
Part J. Stationary Pressure Systems. 


BY 

8. K.Pr.'manik. 

{Received on 25th January 1946). 

Abstract . — Radiosonde ascents are being taken from a number of stations m India and tiie geo- 
strophic wind can be obtained from tbe isobaiic charts The geostrophic windy however, differs quite 
appreciably in Indian latitudes from the gradient wind, which g v ea a staisfactory approximation to 
the true wind The percentage corrections required to bo applied to the* geostrophic wind to obtain 
the gradient wind for different velocity s of geostrophic wind and radii of cm vatnre of trajectories for 
cyclonic and anti- cyclonic motions at latitudes 10°, 20° and 30° have been obtained in this none It i» 
difficult to obtain the curvatures of trajectories, but in stationary pressure systems they are equal to the 
curvatuies of isobars, which are readily obtainable. The tables in this not© can therefore be applied 
to obtain the corrections from the curvatures ol wobais m stationary pressure systems. 

Often during the monsoon season over most of India, and occasionally 
during the other seasons over parts of the country affected by stories ai d distur- 
bances, upper wind dal a from pilot balloon ascents arc not availabb , partk ukrly 
at higher levfls due to clouds and rain. So far, only a rough idea of the winds aloft 
has been available jn th<*se circumstance s from the surface isobar jc. charts and ob- 
servations of cloud movements. Radi (.-Sonde and auoplane assents, winch are 
now being taken regularly from a network of stations in and around India giving 
pressures and temperatu-res at various heights over the stations, provide data from 
which upper winds may be obtained. One can calculate the geostrophic winds 
from the isobaric pressure charts at different levels, but these do not give a satis- 
factory approximation to the gradient wind, as the cyclostrop hie component, 
which generally becomes important even at higher latitude, becomes very much 
more so in Indian latitudes. It is, therefore, necessary to obtain an idea of the cor- 
rection that has to be applied to the geostrophic wind to obtain the gradient wind. 

2 In a recent paper* Petteissen has obtained the percentage correction as 
follows : — 

If M is the ratio of the geostrophic to the gradient wind, V 0 the geostrophic 
wind, and G the gradient wind 

V c = MG (1) 

rig 

G =V 0 + n (2) 

•where i is the radius of curvature of trajectory being positive in anticy clonic* and 
negative in cyclonic motion and X= 2w Sin 9 

Prom (1) and (2) we get 

Yo 

M (M— 1) = — ~ 

or M = I* 4- \/ i — « » . . • . , . . . (&) 

£r 

M can be taken as a measure of fit, so that M=I • 2 indicates plus 20% error and 
11= '7 minus 30 %in the approximation* 


* Synoptic Division Technical Memorandum Ho. 78, Meteorological Office, London. 
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Pettersscn calculated the errors for different velocities and radii of curvature 
for latitudes, 60°, 45° and 30°. He concluded that (even in these latitudes) 
although the geostrophic wind is a reasonably good approximation to the true wind 
immediately above sea level (when the winds are comparatively light), it is in 
general an unsatisfactory approximation in the free atmosphere (where the winds 
are normally strong). 

3. The percentage corrections for latitudes 10°, 20° and 30° for different velo- 
cities and curvatures have been calculated from equation (3) and arc given in 
Tables I and II. The corrections for latitude 30° are for different velocities and 
curvatures from those given by Pettersscn. . „ 


Table I. 


Percentage corrections to be applied to the geostrophic wind to obtain the gradient wind 


Cyclonic motion (corrections to be subtracted). 


Velocity 

V 0 (knots). 

Lati- 

tude. 

Radius of curvature (kirm.) 

100 

160 

200 

500 

| 

1000 

o 

o 

o 

4000 

8000 

10 

10 Q 

A 

A 

62 

31 

17 

9 

5 

2 


20° 

63 

47 

37 

17 

9 

5 

2 

1 


30° 

47 

; 

33 

27 

12 

7 

3 

2 

1 

20 

10° 

A 

A 

A 

; 53 


mm 

9 

5 


20° 

A 

A 

63 

31 


.m 

5 

3 


30° 

A 

69 

i 47 

23 


mm 

3 

\ 

2 

30 

10° 

A 

A 

; 

A i 

66 

42 

24 

13 1 

7 


20° 

A 

A 

83 

43 

25 

14 

! 7 

4 


30° 

A 

A 

64 

32 

18 

10 

1 5 

2 

40 

10° 

A 1 

A 

A 

1"" rri 

A 

53 

31 

17 

9 


20° 

A 

A 

A 

58 

31 

17 

9 

5 


30° 

A 

A 

78 

39 

23 

12 

7 

3 

50 

10° 

A 

A 

A 

A 

62 

37 

21 

11 


20° 

A 

A 

A 

63 

37 

21 

9 

4 


30° 

A 

A 

91 

47 

27 

15 

8 

4 

60 

10° 

A 

A 

A 

A 

71 

42 

24 

15 


20° 

A 

A 

A 

71 

43 

25 

13 

7 


30° 

A 

A 

A 

53 

33 

17 

10 

5 

70 

10° 

A 

A 

A 

A 

78 

48 

28 

15 


20° 

A 

A 

A 

A 

48 

28 

16 

8 


1 30° 

A 

A 

A 

56 

30 

20 

11 

6 


A Percentage corrections more than in the first column in which figures have been given, (e.gr. 
the percentage correction for Vel. 10 knots, , latitude 10°, curvature 160 km is more than 62) 
Jmvfc not been calculated as they are Tory large. 
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Table II. 

Percentage eonectiont to be applied to the geostrophic wind to obtain (he gradient wind* 
Anticy clonic motion (Corrections to be added). 


Velocity 

V e knots. 

Lati- 

tude. 

Radius of curvature (kms.) , 

200 

500 

1000 

2000 

4000 

8000 

10 

10* 

B 

B 

23 

11 

5 

8 


20° 

B 

27 

12 

6 

3 

1 


30° 

B 

17 

8 

4 

2 

1 

20 

10° 

B 

B 

B 

23 

11 

5 


20° 

B 

B 

27 

12 

0 

8 


30° 

B 

B 

17 

S 

4 

2 

30 

10° 

B 

B 

B 

B 

19 

8 


20° 

B 

B 

B 

19 

8 

4 


30° 

B 

B 

30 

12 

5 

3 

40 

10° 

B 

B 

B 

B 

23 

11 


20° 

B 

B 

B 

27 

12 

0 


30° 

B 

B 

B 

17 

8 

4 

50 

10° 

B 

B 

B 

B 

B 

15 


20° 

B 

B 

B 

B 

15 

7 


30° 

B 

B 

B 

23 

10 

5 

60 

10° 

B 

B 

B 

B 

B 

18 


20° 

B 

B 

B 

B 

19 

8 


30° 

B 

B 

B 

29 

12 

5 

70 

10° 

B 

B 

B 

B 

B 

23 


20° 

B 

B 

B 

B 

23 

10 


30° 

B 

B 

B 

42 

14 

7 


B : — Antieyclonic motion not possible. 

4. The percentage correction increases with increasing curvature and with the 
velocity of the geostrophic wind and decreases with increasing latitude. 

The percentage correction for antieyclonic motion is more than that for cyclo* 
nic motion for the same velocity of geostrophic wind and curvature. 

From Table I , it will be seen that for cyclonic motion the correction is more than 
20% for a velocity of 10 knots at 10° for curvatures of a little more than 1000 km* 
and for a velocity of 20 knots at 20° and 30° for curvatures of a little over 500 kms. 
For a velocity of 30 knots, which is fairly frequent during strong monsoon, the error 
is about 42% at 10°, 25% at 20° and 18% at 30° even for a curvature of 1000 km* 
During depressions and storms when the curvatures at places may be of the order of 
200 to 500 km and velocities 30 to 50 knots or more, the error is very much more 
considerable. 

Antieyclonic motion is, however, not possible when the correction is more 
than 50% and as such the corrections in all cases are not greater than 50%. 

5. Although the geostrophic wind does not give a good approximation to the 
true wind, a fair estimate of the true wind can be obtained by applying the neces- 
sary correction corresponding to the curvature of the trajectory to the geostrophic 
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wind. It is* however, difficult^ to "estimate [the curvature of trajectories but the 
curvatures of isobars can be obtained fairly readily. The question of estimating 
corrections from the curvatures of isobars to be applied to gcoslropbic wind to 
obtain the gradient wind is under consideration and will be dealt with in a further 
note. 
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Part IX. — Moving Pressure Systems. 

BY 

S. K. Pramanik and S. Mazumdar. 
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Abs*ract . — In the previous Sc. note, the corrections to be applied to geostrophic wind to obtain the gradient 
wind from curvature of isobars m stationary pressure s\ stems m Indian latitudes have been given. In tMs note, 
percentage corrections have been obtained for cyclonic and anticy clonic pressure systens, moving with different 
velocities, from curvatures of isobars for different values of geostrophic wind and inclinations of tiie- 
iiobars to the direction of move nenfc of systems at latitudes 10% 20 and 30 . 

In the previous note (Sc. note 127) one of the authors 1 calculated the percentage corrections 
to be applied to the geostrophic wind to obtain the gradient wind, which is generally a tiose 
approximation to the true wind. In that note, in determining the corrections, the curvatures 
of the trajectories have been taken into account, and as the curvatures of trajectories and the 
curvatures of isobars are equal in stationary pressure systems, the curvatures of isebam can 
be used m these cases for determining the corrections horn the tables. In the case ol moving 

1 S, K. Pr&mamk ; Computation of winds in the atmosphere in low latitudes, L — Stationary pressure 
systems. 
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Dressure systems, the curvatures of isobars are different from those of trajectories and the 
following method, due to Petterssen 1 , can be used to determine from the curvature of isobars 
the corrections to be applied to the geostrophic wind to obtain the gradient wind. 



Let 0 in Fig. 1 be the centre of the curvature of two neighbouring isobars AA and BB, 

Let C=the velocity with which the pressure system travels, 

V c ^Geostrophic wind, 

V=true wind, 

G= Gradient wind, 

X=2 to sin 9 , where cp is the latitude and to is the angular velocity of the rotation 
of the earth, 

^=the angle between the isobar and the direction of movement of the pressure 
system, 

0 ?=^= radius of curvature of isobar, 
and r=radius of curvature of trajectory. 

Then 
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4 . dd> d& 

Again 

& dt ct 


y^V = A 


cs r 

Or, dnee the gradient wind approximates to the true wind, 

^ ^ 6 ± 4 - = — 

dt ct ds r 

Now, since the streimlme of the gradient wind is the isobar, 

1 


cs 


which ’with (1) and (2) gives 


— - — c 

r r 2 \ 


G 


CoS'i 


) 


The gradient wind equation gives 


G=V„ + - 


V 

G 


Or 

= 1 - 


_G 

ik 


Or, putting V Q = MG, we get 


la 

Xr 


From (4) and (5) we get 


Or 


M 


M ^ M — 1 ^ = 

(l — M + — Cos A = ^2 

V & J h* 


M = *( I+ 3 °“*) + 1/ 1 + 

For cyclonic circulation we get 
M 


- * O' - £°“+) + 0 - + 1 rT IT + £ 


( 2 ) 


<:$) 


(4) 


(5) 

(6) 

(7) 

(8) 


Now M can be regarded as a measure of fit such that M = 1*3 indicates plus 30% error, 
and M = -8 indicates minus twenty per cent, error in the geostrophic approximation. 

The percentage correction would thus be 100 (1 — M). 

A. Cyclonic moving pressure systems. 

The values of M were calculated from equation (8) for values of c = 5, 10, 15 knots, 
V, -= 10, 20, 30, 40, 50. 60, 70 knots, <p = 10°, 20°, 30°, <[i = 0°, 30°, 60°, 120°, 150°, 180% 
and r 2 = 200,500, 1,000, 2,000, 4,000, 8,000, kms. and are given in the tables below. 
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Corrections to be applied to tie geostrophic wind to obtain tie gradient 
wind fir various vain s cf V 0 , 9 , ty, c and r x . 


Table 1. 9=10°, c=5, 6=0° 


Table 2. 9=10°, c=5, y— 30° 


V„ (knot .) I V. (knots) 


r l 

(tms.) 

10 20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

0 

0 

C4 

1*23 — 

__ 

— 

— 

— 

— 

1*33 

— 

— 

— 

— 

— 

— 

500 

1 15 1-38 

1*56 

— 

— 

— 

— 

1*17 

1*40 

1*58 

— 

— 

— 

— 

1,000 

1*03 1*22 

1*34 

1*45 

1*55 

— 

— 

1*09 

1*23 

1*35 

1*46 

1*55 

— 

— 

2,000 

1 05 1*13 

1*20 

1*27 

1*33 

1*39 

1*44 

1*05 

M3 

1*20 

1 27 

1*33 

1*39 

1*44 

4,000 

1*02 1*06 

Ml 

1*15 

1*18 

1*22 

1*25 

1*02 

1*06 

Ml 

1*15 

1*18 

1*22 

1*25 

8,000 

1*02 1*04 

1 07 

1*08 

1*11 

M2 

1*15 

1*02 

1*04 

1 07 

1*08 

1 11 

1 12 

1 15 


Table 3. 9 = 10 °, c=5, <J»=K)° Table 4. 9 = 10 °, c=5, <j*=!20° 





v 

5 (knots 

») 





V 

, (knots) 



* 3*1 

(kms.) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

! 

200 

■ 1*45 

— 

— 

— 

— 

— 

— 

_ 

— 

— 



— 

. — 

— 

500 

1*22 

1*45 

— 

— 

— 

— 

— 

1*39 

— 

— 

— 

— 

— 

— 

1,000 

1*13 

1*27 

, 1*39 

1*49 

1*58 

~ 

— 

1*22 

1*35 

1*47 

— 

i 

— 

?- 

2,000 

1*00 

1*15 

1*22 

1*23 

1*34 

1*40 

1*45 

1*13 

1*19 

1*26 

1 33 

1*39 1 

1*44 | 

1 49 

4,000 

1*04 

1*03 

M2 

1*16 

1*20 

1*23 

1*27 

1 06 

1 10 

1*14 

1*18 

1*21 

1 25 

1*28 

8,000 

1*03 

1 05 

1*07 

1*09 

M2 

1*13 

1*16 

/ 

1*03 

1*05 

1*07 

1 09 

1*12 

1 13 

| 1*10 

I 


Table 5. 9 = 10 °, c=5 } <!/=150° 





V 

o (knots) 



(kms.) 

10 

20 

30 

40 

50 

60 

70 

200 

— 

— 

— 

— 

— 

— 

— 

500 

1*45 

— 

— 

— 

— 

— 

— 

1,000 

1*25 i 

1*38 

1*49 

— 

— 

— 

— 

tsm 

1*15 

1*22 ’ 

i*29 1 

1*35 1 

1*41 | 

1‘47 

1*52 

4,000 

1 09 

ITS 

1*17 

1*20 

1*24 

1*27 

1*31 


1*05 

1*07 

1*09 

1*11 

1*13 

1 15 

! 1*16 


Table 6 . 9 = 10 °, c— 5, <J>=j80 c 




V 

0 (knots) 


10 

20 

30 

40 50 

60 70 






1*47 

— 



— 

__ 

1*26 

1*39 

1*50 

— — 

— — 

1*15 

1*22 

1*29 

1*35 1*41 

1*47 1*52 -- 

1*09 | 

1*13 

1*17 

1*20 1*24 ! 

1*27 1*31 

1*05 

1*07 

1*09 

I'll 1*13 

M5 1 16 v 
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Table 7. 9 

=10°, 

c— 10, 9= 

=0° 


Table 8. 9= 

= 1 c =10, 

<b= 





V 

j (knots) 

* 




V 

. (knots) 



T X 

fkms ) 

10 

2 0 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

TO 

200 

1*00 

1 41 

— 


— 

— 

— 

1*07 

1-49 

— 

— 

— 


— 

500 

1 00 

1*24 

1*43 

1-60 



— 

— 

104 

1 28 

1*47 

— 

— 


( — 

LOGO 

1*00 

1 15 

1'27 

1 38 

1*43 

1*57 

— 

1*02 

1*16 

1*29 

1*39 

1*49 

1 58 

— 

2,000 

1*00 

1*0 ^ 

1*16 

1 22 

1*29 

1*34 

1*40 

1 00 

1*08 

1*16 

1 *22 

1*29 

1 34 

1 iff 

4,000 

1*00 

104 

1 09 

1*13 

1*16 

1*20 

1*23 

100 ! 

1*04 

1 09 

1*13 

1*16 

120 

1*23 

8,000 

1 00 

1*02 

1*05 

1*06 

1*09 

Ml 

1*13 

100 

1*02 

1 05 

1 06 

1*09 

1*11 

1*13 


Table 9. 9=1 )°, e= 0, ^=^0° 


Table 10. 9= 10°, c=10, ^=120° 


Same as Tails 1 where 

9=10°, c=5, di=0°. 

Table 11. 9=10°, c=10, i=' I 50 o 


S me as Table 6 where 

9— 10°, c=5, ^=180°. 

T vbve 12 9=10°, C=10, <J>=180° 





V 

0 ( nots) 



V,, (knots) 

r i 

( me ) 

10 

20 

30 



: so 


10 

20 

30 

40 

I 50 


70 

200 

500 

— 

— 

j 

: — 

! j 

— 

— 

— 

— 

— 

— 


— 

— 

1,000 

1 36 

1*46 

1*56 

— 

— | 

— 

— 

1*35 

1*47 

1-38 

— 

— 

! 

— 

2,000 

1*18 

1*26 

1*32 

1*39 

1-44 


1*55 

1*18 

: 1*26 

1*32 

1*39 

1*44 

1*50 

1 55 



1*15 

1*19 

1*22 

1*26 

1*29 

1*32 

M0 

1*15 

1-19 

1*22 

1*20 

1*29 

1*32 

8,000 


1-08 


1*12 

M4 

1*16 

1*18 

1*06 

1*08 ! 

M0 

1*12 

1-14 

1*16 

1*18 


Table 14 9=10°, c=15, 4 l =30 o 


Table 13. 9=10°, c=15, 4=0° 





V 

0 (knots) 



V 0 (knots) 

r i 

(kms.) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

i 70 

200 

0-78 

1*36 

1*50 

i 

— 


— 

0*86 

1-27 

— 

! — 

— 

— 

— 

TOO 

0 86 

1*12 

1-34 

1*47 

; 

— 

— 

0*92 

1*17 

1-36 

1*53 

— 

— 

— 

1,000 

0-92 

1*07 

1-20 

1*31 

1-41 

— 

— 

0-95 

1*10 

1*23 

! 1*34 

1*44 

1*53 

— 

2,000 

0-94 

10, 

Ml 

1*18 

1*24 

1*30 

1*36 

0-97 

1*06 

1*14 

1*21 

1*27 

1*33 

1*38 

4.000 

0-97 

1*02 

1-06 1 

1*10 

114 

1*17 

| 

1*21 

0 97 

1*02 

1-06 

M0 

1*14 

1*17 

1*21 

8,000 i 

: 

0-99 

1*03 

1*04 

1-05 

1*07 

M0 

M2 

0-99 | 

1 01 

1*04 

1-05 

1*07 

1*10 

1 12 
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Tab e 15 . 9= 

o 

o 

r~H 

II 

c=l>, 

, i=L0° 


TabuE 16. <p=10 c 

c= 15 , <\i= 

120° 




V 

(1 nots) 



V 0 (knots) 

r i 

{kn s.i 

i 

j 

10 

20 1 

i 

! 30 

i 

1 40 

50 

60 

70 

10 

20 

30 

J 40 

50 

60 

70 

200 

1-18 

1-58 

— 


— 

— 

— * 

— 

— 

— 

— 

— 

— 


500 

1-07 

1*31 

1-50 

— 

— 

— 

— 

1-56 

— 

— 

— 

— 

— ' 

— 

1,000 

1-05 

1 19 

1*31 

1*42 

1-52 

— 

— 

1*31 

1*44 

1-55 

— 

— 

— 

— 

2,000 

1*02 

1*10 

1 17 

1*24 

1*30 

1*36 

1*41 

1-16 

1*24 

1-31 

1*37 

1*43 

1 48 

1 53 

4,000 

1-01 

1 05 

1*10 

1-14 

1*17 

1*21 

1*24 

1-09 

MS 

1*17 

1*20 

1-24 

1 27 

1 31 

8,000 

1-01 

1 03 

1*06 

1 07 

i io ! 

1 11 

1*11 

1 05 

i*07 

/ 

1*09 

Ml 

Ml 

1 15 

1 17 


Table 17 

9= 

=10°, c 

•==15, 

$=150° 


Table 18. cp=10° 

, c=15, «J,= 

180° 




V 

c (knots) 



V 0 (knots) 

r I 

«k:aa ) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

500 

1,000 

— 

— 


— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


1 40 

1*52 

— 

— 

— 

— 

— 

1*44 

i 

— 

— 

— 

— 

— 

2,0o0 

1*23 

1-30 

1 36 

1-42 

1 48 

1*53 

— 

1 24 

1*31 

1-38 

1-44 

1-50 


— 

4,im 

M2 

1-16 

1-20 

1*24 

127 

1 31 

1*34 

1 12 

1*16 


1-24 

1*27 

1 31 

1*34 

8,000 

1*07 

1-09 

Ml 

1 13 

1*15 

1*17 

1*19 

i 

1*07 

1*09 

Ml 

1 13 

1*15 

1 17 

1*1D 


Table 19. < 

*\j 

ii 

to 

o 

5 C — D 

i=0 

0 


Table 20. 9 

0 

0 

<m 

11 

c=5 ? 

4>=30 

0 




V t 

(knots) 





Vo 

(knots). 



r t 

fktnsA 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

MS 

148 


~ 

— 

— 

— 

1*21 

1-52 



. — 




— 

500 

1*09 

1*24 

1*36 

147 

— 

— 

— 

1*10 

1-25 

1*37 

1*48 

— 



1,000 

1 05 

1*14 

1*22 

1*28 

1-34 

1*40 

3*45 

1*06 

1*14 1 

1*21 

1*28 

1*34 

1*40 

1*45 

W0 

1*03 

i 1*07 

1*12 

1*16 

1*19 

1*23 

[ 1-26 

1 03 

1*08 

M2 

1*16 

M9 

i 

1*23 

1*26 

t,6(Xi ! 

1*02 

1*05 

1*07 ’ 

1 09 

Ml 

M3 

1-15 

1*02 

1*04 

1*07 : 

109 

Ml 

1 13 

1*15 

8,060 

1*01 

1*03 i 

1 

1*04 

1 05 

106 

1 07 

1 08 

1 01 

1*02 

1 03 

1*05 

1 06 

1 07 

1*08 

! 
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Table 21. o 

in 

II 

0 

0 ~ 
O 
(M 

II 

, 4=60’ 


Table 22 

9 

=20% 

c=5, 

6=120° 




\ 

r 0 (knots) 





V 

o (knots) 



(kms„) 

10 

1 

20 | 

! 

30 

40 

50 

60 

_ ... 

70 

10 

1 

20 | 

30 

40 

50 

60 

70 

200 

1*28 

1 

1*54 j 

— 

■ 

— 


— 

1*47 


— 

— 




£00 

1*13 

•»i 

1*39 

1,9 

~~ 

— 


1 22 

1 36 j 

148 

— 



— 

1,000 

1*07 

I 15 | 

1 23 

l 30 

1 36 

1*42 

1*47 

M2 

119 1 

1 26 

1 33 

1 39 

1-45 

1 50 

2,000 

1*04 

I 05 1 

I 

M2 

1 17 

1 20 

1*23 

1*27 

1*07 

Hi 

1 

1*15 

1 19 

1-22 

1 26 

1 30 

4.000 

I 02 

! 

j 1 05 | 

1 07 | 

109 

1 11 

1 13 

1 16 

1*03 

I 06 j 

i OS 

1 10 

1 12 

1*14 j 

; 1 lb 

8,000 j 

I 01 

i 102 | 

! 

1 04 

1 U5 

: 1*06 | 

107 

1 

1*08 

1*02 

J 

l 03 ; 

__ 1 

1 04 

105 | 

1*07 

1-07 I 

j 

1*08 

Table 23. 9= 

=20°, 

c=5, 

<{>=150’ 


Table 24 

, (p = 

O 

O 

II 

a 

ii 

Ol 

0 

O 

GO 

M 

II 

-3- 





V 

o (knots) 



V 0 (knots) 

ikms ) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

— 

— 

— 

— 

— 

— 

— 

1*58 

— 

— 

— 

— 

— 

— 

500 

125 

138 

150 

— 

— 

— 

— 

1*26 

1-40 

1*51 

— 

— 

— 

— 

1,000 

I* 4 

1*21 

1*28 

1-35 

1*41 

1*46 

— 

1*15 

1*23 

1*30 

1*36 

1*42 

147 

— * 

2.CQ0 

107 

1*11 

1*16 

1-19 

1*23 

1*26 

130 

1*08 

1*13 

1*17 • 

1*21 

1*24 

1*28 

1 31 

4 000 

104 

1*06 ] 

j 1*09 

1-11 

1*13 

1*15 

1*17 

1*04 

106 

1 09 ! 

Ml 

M3 

1*15 

1 17 

MOO 

1*02 

1*03 

104 

1-05 

1*06 

1*07 

1*08 

102 

1*03 

104 

1*00 

1*07 

108 

109 


Table 25. 

ip=20 ! 

3 , c=io, <i»= 

=0° 


Table 26. 9= 

=20°, 

0 

11 

K-i 

O 

0 

g 

II 


Vo (knots) 

V 0 (knots) 

*iClTL 8 .) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

S 

1 60 

70 

200 

1*00 

1*29 

1*51 

— 

— 

— 

— 

1-05 

1-33 

1*55 


— 


— 

MW 

i*00 

1*16 

I2S 

1*39 

1*49 

— 

— 

1-02 

1*17 

1-30 

1*40 

1*81 


— 

1 000 ! 

1*00 

1-09 

1*16 

1*23 

1 30 

1*36 

1*41 

1-02 

1*10 

1*18 

1*25 

131 

X-37 

1*42 

2 000 i 

1*01 

j 1*05 

M0 

1*14 

1-17 

1*21 

1*25 

101 

1*05 

: M0 

1*34 

1*18 

: 1*21 

1*25 

4.000 1 

1*00 ! 

i 

1*03 

J 1*05 j 

107 

1*09 : 

i j 

1-12 

1*14 

1-00 

1*03 

1*06 

1*08 

1*10 

1*12 

1*14 

*,000 

l-oi ! 

1*02 

! 1*03 1 

1*05 

1-06 | 

1*07 

i« ; 

1-01 

1*02 

1*03 

1*05 

1-06 

i 07 ! 

1*07 
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Table 27. 9=20% c=10, ^=60° 
Same as Talle 19 ivhere 
9=20°. c=5, i|/=0°. 

Table 29. 9 = 20 % c=10, 4=150° 


Table 28. 9=20°, e=10, 4>=120° 
Same as Table 24 wh"re 


9=20°, c=5, 4=180°. 

Table 30. 9=20°, c=10, 4=180° 



- 


X u (knots) 





V, 

3 (knots) 














i 

1 

i 

— 

(Lms.) 

10 ! 

j 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 i 

1 60 

i : 

70 

200 

i 

— 

— 1 

— 

— 

— 

— 

— , 

— 

— | 

— 

— 

„ “ 

— 

500 

1*33 ! 

1*47 

— 

— 

— 

1 

— 

1*35 

1*48 

— 

— 

— 

— 

— 

1,000 

1*18 

1*26 

1*33 

1*39 

1*45 

1*50 

— 

1*19 

1*26 

1*33 

1*40 

1*46 

1*51 

— 

2,000 

1*10 ' 

1*15 

1*19 

1*22 

1 26 

1 29 

1 33 

MO 

1*15 

1*19 

1*22 

1*26 

1*30 

1 33 

4,000 

1 05 

1 07 

1*09 j 

1*11 

1*13 

1*13 

1*17 

1 06 

1 09 

1*10 

1*13 

1*14 

1*17 

; 

1 18 

8,000 

1*02 


1*05 I 

: 

1 06 

1*07 

1*07 

1*09 

103 

1*04 

1*06 

1 07 

1*08 

| 109 

1 

1*10 


Table 31. 9=20° 

C=15, ^ = 

0 ° 


Table 32. 9 : 

= 20 °, 

0=15, 4=30° 


Vo (knots) 



V 

0 (knots) 



r l 

(kms.) 

1 ! 

10 * 

20 i 

30 

| 40 

50 

60 

70 

10 1 

20 

30 1 

40 

50 

60 

70 

200 

0-84 . 

1*13 

1-33 

— 

— 

— 

— 

0*91 

1*20 

1*46 

— 

— 

— 

— 

500 

0 92 j 

1*08 

1*21 

1 32 ! 

1*42 

— 

— 

0 95 

1*11 

1*25 

1*35 

; 

1 1*45 

— 

— 

1,000 

0-96 ' 

1*05 

1*13 ! 

1-20 

1*26 

1*32 

1*38 

0*97 

1*05 

1*13 

1*20 

1*27 

1*32 

1*38 

2,000 

0 98 1 

1 01 

I 07 

1*11 

1*14 

1*18 

1*22 

0*99 

1*04 

1*08 

M2 

1*16 

1*20 

1*2 * 

4,000 

0*99 

i 

1*01 

1 04 

1*05 

1 *08 

M0 

1*12 

1*00 

1*02 

105 

1*07 

1*09 

1*11 

! 1.18 

8,000 

0-99 ’ 

1 01 

1*02 

1*03 

1*04 

1*06 

1*06 

0*99 

1*01 

1*02 

1*01 

1*05 

1*06 

1*06 


Table 33. 9=20 J 

1 c — 15, & — 

60 


Table 34." 9 = 

=20°, C=15, += 120 ° 




V, 

a (knots) 





V 

0 (knotb) 



{kms.) 

10 

20 

30 

40 

1 SO 

60 

70 

1 ° 

20 

30 

40 



70 

200 

1-08 

1*36 

— 

— 

: 

j 

— 

— , 








1 

— 

500 

1*04 

1*19 

1*31 

1 42 


— 

— 

1*31 

1*45 

— 

— 

— 

— 

— 

1,000 

1*03 

Ml 

1-18 

1*25 

i 

1*31 i 

1*37 

1*43 

1*16 

1*25 

1*31 

1*38 

1*44 

1*49 

— 

2,000 

1*02 

1*06 

M0 

1*14 

1*18 

1.21 

1*25 

1*09 

1*14 

1*18 

1*21 

1*25 

1-28 

1 32 

4,000 

1*01 

1*04 

1-06 

1*08 

1*10 

1*12 

1*15 

1*04 

1*07 

1*09 

1*12 

M3 

1*10 

MS 

8,000 ^ 

1*01 

1*02 

1-03 

! 1*05 

[ 

1*06 

1 07 

1*08 

1*03 

1*04 

1*05 ; 

1*07 

1-08 

1*09 

1*10 
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Table 35. ©=20°, 0=15, 6 

1 V 0 (knots J 


15 j 


Table 36 


©=2G°, c=15, 6=18)° 

V u (knots) 


^3 

(kma.) 

10 I 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 


— 

— 

— 

— 

— 

— 

— 


— 

— 


— 

— 

500 

1 

141 | 

— 

— 


— 

— 

— 

1*45 

— 

— 

— 

— 

— 

— 

1,000 

I 23 | 

1 30 ! 

! 

1-36 

1-42 ! 

j 

I 4S 

— 

— 

1*24 

1*31 

1*38 

1*45 

1*50 

— 

— 

2,000 

' IT I 

1 15 

1T9 

1*21 | 

1 26 

1 30 

1 33 

M2 

1*16 

1*21 

1*25 

1*28 

1*31 

1*35 

4,000 

1 06 1 

| 

1 09 

1 11 

1*1 3 

; 1*14 

1 17 

ITS 

1*07 

1*09 

1*11 

1*13 

1*15 

1*17 

1*19 

8,000 

j 

105! 

1 04 

1-06 

107 

i 

1*08 j 

i 

1*09 

1*10 

1 03 

1 05 

1*03 

1*07 

1*08 

1*09 

1*10 


Table 37. 

©=30 

s . c=3, $=0° 


Table 38. 9 

=30°, 

0 

11 

01 

^=30° 




v t 

(knots) 




t 

V 0 (knots) 



r i 

{kms.) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

□ 

60 

70 

200 

1*14 

1 36 

1*51 

— 

— 

— 

— 

1*17 

1\8 

1*55 

— 

— 

— 

•— 

500 

1 06 

1 17 

1*26 : 

! 

1*. 5 

1*42 

1*50 

— 

1-07 

1*18 

1*23 

1*36 

1*44 

150 

1*57 

1,000 

1 03 

1 09 

1*15 

1*20 

1 25 

1-29 

1T3 

1*04 

1*10 

1*16 

1*21 

1*26 

1*31 

1*35 

2,000 

1-02 1 

' 1 05 ; 

t 

1 08 

l-n 

1*14 

1 18 

1*19 

1*03 

1*06 

1*09 

1*12 

ITS 

1*18 

1*20 

4,000 

1 01 

1*02 

1 04 

1 06 

1 07 

1-09 

1 10 

1*02 

1*01 

1*05 

1 07 

1*08 

1*09 

1*11 

8,000 

1-00 

; i*oi 

1 j 

1*02 

, 

1 03 

1-04 

1-05 

1 06 

1*01 

1 02 

j 1*03 

1*03 

1 04 

105 

1 05 


Table 39. 9=30* 

o 

ii 

, 6=60° 


Table 40. 9: 

=30, < 

3=5, i 

H120 0 




V, 

» (knots) 



V 0 (knots) 

Fj 

(kms.) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

so 

[ 

60 

1 

70 

200 

1 27 

1-46 

— 

— 

— 

— 

— 

1*36 

1-56 

— 

— 

_ i 

— 

— 

500 

1 09 

1*20 

1 29 

1*37 

1*45 

1*52 

— 

1*16 

1*26 

1*35 

1*45 

1*53 

— 

— 

1,000 

1*05 

1 ‘13 

1*16 

1*21 

1*26 

1*31 

1*35 

1*09 

1*14 

1*20 ; 

1-25 

1*30 

134 

1*39 

2,000 

1 03 i 

1*06 

1*09 

1*12 

ITS 

1T8 

1*20 

1*04 

1*07 

1*11 | 

1*13 

1*16 

118 

1*21 

4,000 

1 02 j 

1 03 

1*05 

1*07 

1*08 

1*09 

1*11 

! 

1*02 

1 03 

1*05 ! 

1*07 

i 1*08 

109 

I 

1*11 

8,000 

1 01 

1*02 

1*03 

1*03 

1*04 

1 05 

1*06 

1*01 

1 02 

1*03 

1*03 

j 1*04 

j 1*05 ' 

1*06 
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Table 41. 9=30°, c=5, ^=150° 


1*1 

(kins.) 



V 

(knots) 





V 

0 (knots) 



10 

20 

30 

40 

50 

80 

70 

10 

20 

30 

40 

50 

60 

70 

200 

1*40 

— 

— 

— 

— 

— 

— 

1*44 

— 

— 

— 


— 

— 

500 

1*18 

1*23 

1*37 

1*45 

— 

— 

— 

1*20 

1*29 

1*39 

1*47 

1*54 

— 

— 

1,000 

1*09 

1*16 

1*21 

1*26 

1*31 

1*35 

1*40 

1 10 

1*16 

1 23 

1*28 

1 31 

1 35 

1*40 

2,000 

1*05 

: 

1*08 

1*12 ; 

1*14 

1*17 

1*19 

1*22 

1*05 

1*08 

Ml 

1*14 

1*17 

1 20 

1 22 

4,000 

1*03 1 

1*05 

1*07 

i*os ; 

1*10 

1*11 

1*13 

1*03 

1*05 

| 1*06 

1 1*08 

1*10 

1 11 

1 13 

8,000 

1-01 

1*02 

1*03 

1*04 

1*05 

1*06 

1*07 

1 01 

j 1*02 

1*03 

: 1 04 

1 05 

1 05 

1 06 


Table 42 . 9=30°, c=5, <j>=i8'., 0 


Table 43. 9=30" 

o 

II 

(*— * 
o 

-e* 

II 

;0° 


Table 44. 9= 

O 

O 

CO 

II 

e=30. 

, 4>=30° 


i 

j- 


V 

o (knots) 





V, 

□ (knots) 



r i 

(kms.) 

10 

20 

30 

i 

40 

50 

: 60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

1*06 

1*27 

1*44 

1-59 

— 

— 

— 

1*08 

1*29 

1*46 

— 

— 

— 

— 

500 

1*01 

1.12 

1*21 

1*30 

1*38 

1*45 

1*51 

1*02 

1*13 

1*22 

1 31 

1*39 

1*48 

1*52 

1,000 

1*00 

1*06 

1*12 

1*17 

1-22 

1*26 

1*31 

1*01 

1*07 

M3 

1*17 

1*22 

1*26 

3*31 

2,000 

1*00 

1*03 

1-08 

1-09 

1*12 

1*14 

1*17 

1*00 

i 03 

1*06 

1*09 ; 

1*12 

1*14 

1*17 

4,000 , 

1*00 

1*02 

1*03 

1*05 

1*06 

1*08 

1 09 

1-00 

1*02 

1*03 

1*05 

1*06 

1 08 

1 09 

8,000 

1*01 

1*02 

1*03 

1*04 

1*04 

1*05 

1-06 

1 01 

1*02 | 

1*03 

1*04 

1*04 

1 05 

1 06 

Table 43. 

> 9 = 

o 

O 

cO 

ii 

c ~ 10, 9 ~ 

= 60° 


Table 46. 

9 = 

30°, c 

: = 10 


120° 


Sme as Tulle 37 ichere S me as Title 42 where 


9 = 30°, c = 5, <{i = 0°. 9 = 30°, c = 5, = 180°. 

Table 47. 9 = C0°, c = 10, 4» = 150° Tx\ble 48. 9 = 30°, c = 10, 6 = 1£0° 





V 

c (knots) 





V 

o (knots) 



r 2 

(kXQB ) 

10 

20 

: 30 

40 

50 

€0 

70 

10 

20 

30 

40 

50 

CO 

70 

200 

1*57 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

500 

1*24 

1*33 

1*42 

1*50 

1*57 

— 

— 

1-26 

1*36 

144 

1*52 

1*59 

— 

— 

1,000 

1*12 ! 

IMS 

1*23 

1*28 

1*34 

1*38 

1*42 

1 14 

1 20 

125 

1 30 

1*34 

1 38 

1 42 

2,000 

1*03 

1*10 

1*14 

1*16 

1*18 

1*21 

1*23 

1 03 

1*10 

114 

1*16 

1*18 

1*21 

1 23 

4,000 

1*04 

1*06 

1*08 

1*09 

MO 

1*12 

M3 

1 04 

1*05 

1-OS 

109 

1*10 

1*12 

1 13 

8,000 

1*01 

1 

1*02 

1*03 

1*04 

1*04 

1*05 

1*06 

1 01 1 

1*02 

103 

1*04 

1*04 

1 05 

1*06 
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Table 49. 9 = 

11 

0 

0 

0 

CO 

II 

15, 4 / 

- 0 ° 


Table 50. 

, ? = 

= 30°, 

0 = 15, $ = 

=co° 




V 

(knots) 





V 

„ (knots) 



*i ! 

(kms.} 

; 10 

20 

30 

40 

50 

| CO 

70 

10 

20 

zo 

40 

50 

CO 

70 

200 

0*S3 

1 11 

1 29 

1 44 

1 53 

— 

— 

0 93 

1*18 

1*34 

1 49 

— 

— 

— 

500 

0 95 

1 06 

1 16 

1 25 

1 33 

1 40 

1 47 

0 97 

103 

1 18 

1 2 > 

1 34 

1 42 

1 48 

1,000 

0 97 

1 03 

I 09 

1 14 

1 19 

1 24 

1 28 

0 0 -S 

1 04 

1*10 

1 15 

1 20 

1 25 

j 120 

2,000 

0 99 

1 02 

1 05 

1 03 

1 11 

1 14 

1 16 

0 99 

1 02 

1 05 

l-Oi 

1 11 

1*14 

1*18 

4,000 

1 00 

1 02 

1 03 

1 05 

1 06 

1 08 

1 09 

1 00 

1 02 

1 03 

1’05 

1 

1*06 

1 OS 

1*09 

y,000 

1 01 

1 02 

! 

1 03 

1 04 

1 05 

1 06 

1 06 

1 01 

1 02 

1 0 

1 1 04 

1 05 

103 

I 03 


Table 51. 

9 = 

= 30°, 

c = 15, 4 = 

= 60° 

! 

T^ble 52. 

9 = 

30°, c = 15, = 

120° 




V 

(knots) 





V 

0 (knots) 



r i 

(kms.) 

10 

20 

30 

40 

50 

60 

; 70 

10 

20 

30 

40 

50 

m 

70 

200 

1 07 

1 29 

146 

— 

— 

— 

M 

1 50 

— 

— 

— 

— 

m 

; — 

500 

1 03 

1 14 

1 24 

1 32 

I 140 

1 47 


1-22 

1*32 

1 41 

149 

1 56 

— 

— 

1,000 

101 

1 07 

1 13 

1 18 

1 22 

1 27 

1 31 

1*12 

1 18 

123 

1 28 

1*52 

1-37 

141 

2,000 

1 01 

1 03 

1 06 1 

1 09 

1 12 

1*14 

1*17 

1 08 

1 10 

1*14 

1 16 

1*19 

1*21 

1 24 

4,000 

1 01 

1 03 

1 04 

105 

1 06 

1 08 

1-09 1 

1 04 

1*06 

1 OS 

10 s 

1*10 

1*12 

1 13 

8,000 

1*01 

102 

1*03 

104 

1-05 

1*05 

1*06 ; 

1*01 

1*02 

1*03 

104 

1*05 

105 

1*08 


Table 53. 

9 = 

= 30°, 

C = 15, 4* = 

= 150° 

Table 54. 

? = 

30°, c 

= 15, <!> = 

180° 




V 

c (knots) 





V 

(knot3) 



r i 

(kirs.) 

10 

m 

30 

40 

50 

60 


10 

20 


40 

50 

to 

m 


— 

— 

— 

— 

— 

— 

— 

— 

— 

j 

— 

— 

— 


500 

1-29 

1 38 

1 45 

1*54 

— 


— 

1 32 

1*41 

1-49 

— 

— 

— 

— 


1*16 

121 

1*26 

1 Si 

1*36 

140 

1 44 

1 16 

1*21 

1*2) 

1 31 

1 36 


1*44 


1*10 

1*12 

1*15 ; 

1*18 

1*21 

1*23 

1*28 

M0 

M2 

1*15 

Vis 

1*21 

i'23 

1*26 

4*000 

1*04 

106 

1*07 

1*08 

MO 

M2 

1*13 

104 


1*07 

108 

1*10 

1*12 

MS 

8,000 

101 

102 

1*01 

1*04 

1*05 

1*06 


101 




1 05 

10 s 

1-06 


( — indicates values of M Tell over 1-50, which have not been calculated.) 

b-2 
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In column 2 (Y o =10) in tables 13, 14, 31, 32, 49 and 50 (c=15, &=Q° and 30°, o==10° ? 
20° and 30°), most of the values of M are less than 1, indicating that the trajectories m 
these cases are anticyclonic. 

From equation (4) the circulation along the isobars and trajectories at any place are ot 
the same kind, cyclonic or anticyclonic so long as C cos A is less than G. Where the value of 
C cos & is, however, greater than G, the circulation along the isobars and the trajectories are 
of opposite sign. In the present case the circulation along the isobars is cyclonic, so the 
trajectories are anticyclonic m the cases for which M is less than 1. 

To obtain the gradient wind : Calculate the geostrophic wind, estimate c, measure the 
radius of curvature of the isobar with a transparent scale and measure ^ from the synoptic 
charts, then obtain the values of M from the appropriate table and correct the geostrophic 
rmnd accordingly to obtain the gradient wind. 

Thus, if the geostrophic wind is 30 knots, c=5 knots, radius of curvature ==1,000 kn s., 
&=30° and the place is near latitude 20°, the value of M from table 20 is 1 21 and the 
gradient wind is 25 knots. 

Or, if the geostrophic wind is 40 knots, c=10 knots, radius of curvature=500 kms , 
$=150°, and the place is near latitude 30°, the value of M from table 47 is 1*50 and the 
gradient wind is 27 knots. 


B.— Anticyclonic moving pressure systems. 

The values of M were calculated from equation (7) for valu3s of c— 5, 10 and 15 knots, 
Y o =I0, 20, 30, 40, 50, 60 and 70 knots, 9=10°, 20° and 30°, ^=0°, 30°, 60°, 120°, 150° and 
180°* and ^=200, 500, 1,000, 2,000, 4,000, 8,000 kins., and are given in the 54 tables below. 


Corrections to be applied to the geostrophic wind to obtain the gradient wind for 
various values of V o , 9, c, ^ and x v 


Table 1 . 9=10°, c=5, 4/=0 o Table 2. 9 — A 0 D , c=5, 6=30 



! 


V, 

s (knots) 





V 

0 (knots) 



ft 

(sssm.) 

; 10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

, 200 

X 

X 

X 

X 

X 

X 

X 

: 

X 

X 

X 

X 

| X 

X 

: 

X 

500 j 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1,000 

0*87 

X 

X 

X 

X 

X 

X 

0*85 

X 

X 

X 

X 

X 

X 

2.000 

0*95 

0*78 

X 

X 

X 

X 

X 

0 94 

0*80 

X 

X 

X 

X 

X 

4,000 

v*®7 

0*91 

0*84 

0*76 

0*61 

X 

X 

0*97 

0 91 

0*84 

0*76 

0-61 

X 

X 

8,000 

0*98 

0*95 

0 92 

0*90 

0*87 

0-83 

0 78 

0*98 

0*96 

0.92 

0 90 

0 87 

0*83 

0*78 
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Table 3. 0 = 10 °, c=5, i=60 D I T_- ble 4. o=iO°, c=5, 4=120° 


V 0 (knots) I V G (knots) 


if 

{kras.j 

10 

20 

30 

. 

40 

50 

60 

70 

10 

20 

30 

40 

50 

80 

70 

200 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1,000 

0 81 

X 

X 

X 

x 

X 

X 

; 0 62 

X 

X 

X 

X 

X 

X' 

2 000 

0 93 

0 73 

X 

X 

X 

X 

y 

0 85 

0*66 


X 

X 

X 

X 

4,000 

0 97 

0*91 

0 84 

0*70 

0*61 

X 

X 

0 94 

0*S7 

o so 

0 70 

X 

X 

X 

8,000 

0*97 

0*05 

0 91 

0 89 

0 85 

! 

0 82 

0 76 

0 97 

i 

0 95 

0 91 

0*89 

0 85 

0*81 

0 76 


Table 5. <p=10°, c=5, 4=150° Table 6. 9=10°, c=5, 4=180° 



! 


1' 

0 (knots) 



V 0 (knot 5 ) 

r L 

(kins.) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 1 

I 

X 

X 1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

X 

X 

i 

X 

X 

X 

X 

X 

X , 

X 

X 

X 

X 

X 

X 

1,000 


X 

* 

X 

X 

X 

X 

0 45 

X 

X 

X 

X 

X 

X 

2,000 

0*83 

0*62 

X 

X 

X 

X 

X 

0*83 

0 62 

X 

X 

X 

X 

X 

4,000 

0*93 

0*86 

0-79 

0*69 

X 

X 

X 

0*93 

0 86 

0 79 

0.69 

X 

X 

X 

8,000 

0*98 

0*94 i 

0-89 | 

0*87 

0*83 

0 80 

0*75 

0*96 

0*94 

0*89 

0*87 

0*83 

0*80 

0*75 



Table 7. 

0=10 

c= 

10, 4= 

=0° 


| T.4BLE 8. 9 = 

= 10°, t 

>=io, 

4=30° 


f 


V. 

O (knot-) 



(knots) 

Tj 















{kins ) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

1 40 

50 

60 

70 

200 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

5.0 

1*00 ' 

X 

i 

i x ' 

X 

X 

X 

X 

0*93 

X 

X 

X 

X 

X 

X 

1,000 

1 00 

X 

X 

X 

X 

X 

X 

0*98 1 

i 

X 

X 

X 

X 

X 

X 

2.000 

1 00 

0*86 

0-55 

X 

X 

X 

X 

1*00 

0-86 

0*55 

X 

X 

X 

X 

4000 

1 01 

0-95 

0-89 

0*81 

0*70 

X 

X 

1*01 

0-95 

0*89 

0*81 

0*70 

X 

X 

8,000 

1 00 

09' 

0*95 

0*92 ! 

0* 8 

0*86 

0*81 

! i*oo 

i 

0-98 

0 95 

0*92 j 

0*88 

0*86 

0 HI 
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Table 9. 9=10°, c=10, tjj=60° 

Same as Table 1 where 
9=10°, e=5. ^=0° 

Table 11. 9=16°, c=10, <[=150° 


Table 10. 9=10°, c=10, i=120° 

Same as Table 6 where 
9=10°, c=C, '^=180° 

Table 12. 9=10°, c=10, 4=180° 



V 0 (knots) I V, ( nott-) 
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Table 17. 9 = 

= 10 °, < 

c=L5 } 

4/=150° 


Table 18. 9 = 10 ° 

, c=15, i{j= 

180 ° 




V 

0 (knots) 





V 

0 (knots) 



* i 

(kms.) 

i 10 

j 20 

30 

40 

! 50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

X 

X 

X 

X 

X 

X 

i 

x 

X 

f X 

! 

X 

X 

X 

X 

X 

500 

X 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

1000 

X 1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2,000 

0*74 

X 

X 

X 

X 

X 

X 

0*78 

X 

X 

X 

X 

X 

X 

4,000 

0*86 

0 79 

0-71 

0 56 

X 

X 

X 

0*86 

0*79 

0*71 

0*56 

X 

X 

X 

8,000 

J 0 93 

0 90 

0 87 

0*84 

0*79 

0*76 

0*70 

0*93 j 

0*90 

0 87 

0 84 

0 79 

0*76 

0 70 


Table i9. ?= 

0 

O 

!! 

e=\ l 




Table 20. 

o 

II 

pi 

o 

S 

li 

*1 l 

V 5 ( 1 nots) 



Y 

o (knots) 



(kms.) j 

I 

10 

20 

30 

t 

40 

i 50 

60 

70 

10 

20 

1 



; eo 

70 


X 

X 

X j 

B 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

000 

0*86 

X 

x 

X 

X 

X 

X 

0*84 

X 

X 

X 

X 

X 

X 

1,000 

| 0-35 

0*74 | 

X 

X 

X 

X 

X 

0*93 

0*78 

X 

X 

X 

X 

X 

2,000 

| 0 98 

0 92 : 

0 84 

0 76 

0*60 

X 

X 

0*97 

0*91 

0*84 

0*74 

0*57 

X 

X 

4 000 : 

0-39 

0*96 

0-92 

0*90 

0*87 


0*78 

0*99 

0*96 

0 93 

0*90 

0*86 

0*S3 

0 78 

8,000 : 

0-99 

0 97 

! 0-96 

1 


0*94 


0*90 

0*99 

0*98 

0 96 

0*95 

0*93 

0 92 i 

0*90 


Table 21 

9 = 

=20°, c 

1=5, 4=60° 


i 

Table 22. <p=20° 

, e=T 

, 4 =i 20 " 

T i 

(kms.) 



V, 

o (knots) 



| V 0 (knots) 

10 

' 

20 ! 

30 1 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

7$ 

200 

X 

1 

X J 

X ; 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 


x i 

X 

X 

X 

X 

X 

0*61 

X 

X 

X 

X 

X 

X 

1,000 

0 91 

0*75 

X 

X 

X 

X 

X 

0*86 

0*67 

X 

X 

X 

X 

- X 

2,000 

0*97 

0 90 

0*83 

0*73 

X 

X 

X 

0*03 

0*87 

0*79 

0*69 

X 

1 X 

X 

4,000 

0 -M 

0*95 

0*92 

1 0*89 

0 85 

0*81 

0*76 

0 97 

0*94 

0*91 

0*87 

0*85 

0*80 

0*7$ 

8,000 

! 0*99 

! > J 

| 0*98 

0 96 

0*95 

0*93 

0*92 

0*90 

0-99 

0*97 

0*90 

0*95 

0*92 

i 

0*91 

0*90 
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Table 23. 9= 

=20°, c=?, ^=150° 


Table 24. <p 

0 

11 

c=5, 

-6- 

l 

CO 

0 

0 




T 

0 (knots) 





V 

( nots) 



(kms ) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

0 

0 

Ci 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

0 49 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1,000 

0 S3 

0*63 

x 

X 

X 

X 

X 

0*83 

0 61 

X 

X 

X 

X 

X 

2,000 

0 91 

0 86 

0 78 

0*67 

X 

X 

X 

0 92 

0 86 

0 78 

0 66 

X 

X 

X 

4,000 

0-97 

0*94 

0-91 

0*88 

0*85 

0 94 

0*75 

0 97 

0 94 

0 91 

0 87 

0*84 

0*80 

0 75 

00 

0 

0 

0 

0 98 

0 97 

0 96 

0*94 

0*92 

0 91 

0 90 

0 98 

0 97 

0*96 

0-94 

0 93 

0 91 

0*89 


Table 25. 0= 

=20°, c 

: =;o, 




Table 26. 9 

=2'j° 

, c=10, 4=30° 




V 

. ( nets) 





V 

? ( nots) 



F ! i 

(km*.) 1 

1 

10 

20 

30 

40 

i 

50 

60 

70 

10 

20 

30 

1 40 

' 

50 

60 

i 

70 

200 

100 

X 

X 

X 

X 

X 

X 

0 81 

X 

X 

X 

X 

! X 

x 

500 

1*00 

X j 

X 

V 

X 

X 

X 

0*97 

X 

X 

I X 

X 

X 

X 

1,000 

1*00 

0*86 

X 

X 

X 

X 

X 

0 99 

0*85 

X 

X 

X 

X 

X 

2,000 

roo 

0 95 

OSS 

0 80 

0*67 

X 

X 

100 

0*94 

0 86 

0 79 

1 

0 65 

X 

X 

4.000 

1*01 

0 98 

0 95 

0 92 

0*89 

0*85 

0*81 

0 99 

0 97 

0*93 

! 0 91 

0*87 

0*84 

0*79 

8 000 

100 

0*99 

! 

0 98 

0 96 

0*95 j 

0 93 

0*92 

0 99 

0*98 

0 97 

0 95 

0*94 

0*92 

0 90 


Table 27. <p=_0°, c=;0° } ^=30° 


Table 28. 9=20°, c=10, tp=l20° 


5 me as Table 19 where 


Sime as Tails 24 where 


9=20°, c= 5, ^=3°. 9=20°, c= 5, <j/=I80°. 

Table 29. ©=20°, c=10, <L=150‘ Table 30. 9=2^, c=10, 4»=’80° 





Y 

0 (knots) 





V 

, ( nots) 



r i 

(kms.) 

10 i 
1 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

l 

x 1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

! 

X I 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

‘ 1,000 

0*78 j 

0*46 

X 

X 

X 

X 

X 

0 76 

* 

X 

X 

[ X 

X 

X 

2,000 

0*90 

0*83 

0*75 

0*63 

X 

X 

* 

0 89 

0*83 

0*75 

0*62 

X 

1 X 

1 X 

4,000 

0 95 

0*93 

0*89 

0*86 

0*82 

0*79 

0 73 

0 95 

0*93 

0*89 1 

0*86 

0*82 

0*78 

0*73 

8, COO 

0*98 

0 97 

i 

0*96 

0 94 

0*92 

0*91 

0*89 

0*98 

0*97 

0*96 

{ 

0*94 

0*92 

0*91 

0*89 
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Table 31. ©=20°, c=15, 4=0° Table 32. o= 20 °, c=15, 6=30° 


V- (knot-.) | V. (knots) 


1*1 

fkms.) 

10 

20 

30 

40 

50 

60 

... 

70 

10 

20 

30 

40 

.. 

50 

60 

70 

200 

1*41 

X 

X 

X 

X 

X 

X 

1 25 

X 

X 

X 

X 

X 

X 

500 

1 12 

0 75 

X 

X 

X 

X 

X 

1 OS 

X 

X 

X 

X 

X 

X 

1,0')0 ; 

1*06 

0*94 

0*75 

X 

X 

X 

X 

1*03 

0 90 

0 67 

X 

X 

X 

X 

2,ooo ! 

1 03 

0*98 

0*90 

0 82 1 

0*71 

X 

X 

1*01 

0-95 

0 89 

0*81 

0 70 

X 

X 

4,000 

i 

1*01 

0*99 

0 96 | 

0 93 

0 89 

0 86 

0 S2 

1*01 

0-99 

0 96 

0 92 

0 89 

0 85 ■ 

0 82 

! 

8,000 j 

| 1*01 

i 

0 99 ! 

1 

0*98 

0*97 

0 95 

0*93 

0 92 

J 

1 01 

0-99 

0 98 

0*97 

0 95 

0 93 

0 92 


Table 33. q>= 

=2 A 

o=15 

4= 

:60° 



=20°, c=15, 

i=120° 

1 

r 1 



V, 

(knots) 





V = 

(knots) 



r 1 j 

(kms \ | 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

0 94 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1,000 

0*96 

0 S3 

x ! 

X 

X 

X 

X 

0 79 

0 54 

X 

X 

X 

X 

1 

X 

2 OoO ; 

| 0*98 

0 93 

0 85 

0 76 

0*62 

X 

x 

0*90 

0*83 

0 75 

0*62 

X 

i 

X 

X 

4,000 

0 99 

0-9 j 

j 0*93 

j 0 90 

0*87 

0*83 

0*78 

0 96 

0 93 

0*89 

0*b5 

0 82 

0*77 

0 71 

8,000 

1 00 

0-99 

0*98 

| 0 96 

i 

0*95 

0*92 

0*91 

0*98 

0*97 

0*96 

0 94 

0 92 

0*90 

0*89 


Table 35. 9 = 

=2u°, 

c=15. 

4=150° 


Table 36 

* 9= 

20°, C 

=15, 

II 

***** 

On 

O 




V, 

(knots) 





V 

(knots) 



r i 

(kmis ) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1,000 

0*71 

X 

X 

X 

X 

X 

X 

0-71 

X 

X 

X 

X 

X 

X 

2,000 

0*87 

0*80 

0*71 

0*57 

X 

X 

X 

0-S6 

0*79 

0*70 

0*54 

X 

X 

X 

4,000 

0*95 

! 0*91 

0*88 

0*85 

0*82 

0*77 

0*73 

0-93 

0*90 

0*87 i 

0*84 

0*80 

0*76 

0*7# 

8,000 

0*97 

0*9 5 

0*94 

093 

0*91 

0*89 

0 86 

097 

0*95 

0*94 

0*93 

0*91 

0*89 

0*86 
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Table 37. 

1! 

o 

O 

o 

£0 

II 

0- 

1! 

id 

=0° 


Table 38. <p= 

=30°, 

c=5, 

<f/=30° 




v. 

(knots) 





V 0 

(knots) 



r l 

(kins.) 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

20' i j 

0*73 

X 

X 

X 

X 

X 

X 

1*02 

X 

X 

X 

X 

X 

X 

500 ! 

0 93 

0*63 

X 

X 

X 

X 

X 

0 93 

0*76 

X 

X 

X 

x 

X 

1,000 

0-97 

0*88 

0*77 

X 

X 

X 

X 

0-99 

0*90 

0*79 

! x 

X 

1 

X 

X 

2,000 

0-9S 

0 95 

0-90 

0*86 ' 

0 79 

0*73 

0 61 

0-98 

0*95 

0 90 

0\ r 6 

0-79 

0*73 

0 61 

4,000 

0 99 

0*97 

0*96 

0*94 

0‘t 9 

0*89 

0*87 

0 99 

0*97 

0*96 

0 94 

0-89 

0*. 9 

0 87 

8,000 

0-99 

0*98 

0*97 

0*96 

0 95 

0*95 

0*94 

0-99 

0*98 

0*97 

0*96 

0-95 

0*95 

0 4*4 


Table 

39. <5 

>=30° 

, c=5 

-G- 

II 

o 

o 


Tab'E 40. (f = 

=30°, 

C=5, 

^=120° 




V. 

, (knots) 





V« 

, (knots) 



r l 

{km®.} 

10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

00 

70 

200 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

; 

X 

X 

500 ‘ 

0*88 

X 

■ 

X 

X 

X 

X 

X 

0*78 

X 

X 

X 

X 

X 

X 


0-95 

0*86 ! 

0*73 

X 

X 

X 

X 

0*90 

0*81 

0-66 

X 

X 

X 

X 

2,000 

0*98 

0*94 

0*89 

0-85 

0*78 

0*72 

0 60 

0*96 

0*92 

0 87 

0*83 

0*7 5 

0*70 

0 50 

4,000 

0*98 

0*96 

0*94 

0 92 

0 90 

0*87 

0 86 

0*98 

0*96 

0 94 

0*92 

0*90 

0S7 

0 86 

8,000 

0*99 

0-08 

0*97 

0-96 

0*95 

0*94 

0*94 

0*99 

0*98 

0-97 

0-96 

0*95 

0 94 

0 9* 


Table 41. <p=30°, c=5, <{<=150 o 





V, 

, (knots;. 





v 0 

(knots 




T t 

(kms.) 

10 

20 

30 

40 

50 

60 

i 

70 

10 

20 

30 

40 

50 

60 

70 

200 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

>* 

■X 

500 

0-75 

X 

X 

X 

X 

X 

X 

0*74 

1 

X 

X 

X 

X 

X 

X 

1,000 

0*90 

0*81 

0 09 

X 

X 

X 

X 

0*88 

0*78 

0*62 

X 

X 

X 

X 

2,1 K)0 

0*94 

0*90 

! 

0.-5 1 

X 

X 

X 

X 

0 94 j 

0*90 

0* 5 

0*81 

0*74 

0*66 j 

X 

4*000 

0*98 

0*96 

0*04 

0*92 

0*90 

0*87 

0*85 

0*9$ 

0 06 

0*94 

0*92 

0*90 ! 

o* 7 : 

o*s6 

8.000 

0*99 

0*98 

i 

0.97 

0*96 

0*95 

0 94 

0*92 

0*99 i 

0*98 

0*97 

0 96 

0*95 

0*94 i 

0 92 


Table 42. <j,=30°, c=5, 4,=18G° 
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Table 43. <p=30°, c=10, ^=0° 



i 


V, 

0 (kno s) 





V 

o (knots) 



T t 

(kms.) 

D 

20 


40 

50 


70 

10 

20 

30 

40 

50 

60 

70 

200 i 

112 

X 

X 

X 

’ 

X 

X 

X 

1 02 

X 

X 

X 

X ! 

X 

X 

500 ‘ 

1-02 

0 81 

X 

X 

X 

X 

X 

0 95 

0 76 

X 

X 

X 

X 

X 

1,000 

1*01 

0*93 , 

0*82 | 


X 

X 

X 

0 99 

0 90 

08 • 

0*53 

X 

X 

X 

2,000 

1-00 

0 97 

0 92 

0 88 

m 

0*76 

0 89 

1*00 

0*97 

0 92 

j 0 88 

0 82 

1 0 76 

0 89 

4 000 

I -00 

0*9 5 


0*95 

0 92 

0 90 

0 85 

1 00 

0 9 , 

0 96 

0 95 

0 92 

0 95 

0 88 

8,000 

0-99 

0*95 

0 97 

0-96 

0 95 

0 94 

0 94 

0 99 

0 98 

0 97 

0 96 

0 95 

0*94 

0 94 


Table 44. 9=30°, c=10, ([>=30° 


Table 45. 9=30°, c=10, tl=60° 
Same os T> lie ■ 37 where 


Table 46. 9=30°, 0=10, i}/=120 o 

S me ns Table 42 where 


9=30°, c=5, 4^=0°. 9=30°, c=5, <Ji=180°. 

Table 47. 9=30 D , c=10, 4=150° Table 48. 9=30°, c=10, 4=180° 





V 

o (kno s) 





V 

(kno s) 



r i 

tkms.) 

10 

20 

30 

40 


60 

70 

10 

20 

30 

40 

50 

60 

70 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 


0*68 

X 

X 

X 

X 


X 

0*67 

X 

X 

X 

X 

X 

X 

1,000 

0*86 

0*75 

0*57 

X 

X 


X 




X 

X 

X 

X 

2,000 

0*92 

0*88 

0*83 

0*78 

0*70 

0*62 

X 

<K2 

0*88 

0*o3 

0*76 



X 

4,000 

0*96 ; 

0*95 

0*91 

0*90 

0*88 

(K5 

0*81 

0-96 

0*95 

0*91 

0*90 

0*88 

0*85 

0*81 

8,000 

0*99 

0*98 

0*97 

0*96 

0 95 

0 94 

0*92 

0-99 

0*98 

0*97 

0*96 

0-95 

0*94 

0*92 


Table 49. 9=30°, c= 





V, 

, (knots) 





V 

o (knot*) 



r i 

(kms.) 

10 

| 20 J 






10 

20 

30 

40 

50 

60 

70 

200 

1*23 






X 

1-15 

X 

X 

X 

X 

X 

X 

500 i 

1*08 ; 

0*89 

X j 

X | 

X 

X 

X 

1*05 

0-86 

X 

X 

X 

X 

X 

•-1,000 

1*03 

0-95 

0* 5 

0*69 

X 

X 

X 

1*03 

0-95 

0*c5 

0 69 

X 

X 

X 

2,000 

1*02 

0*99 

0*94 

0*90 

0* 5 ; 

0*80 

0*70 

1*02 

099 

0*94 

0*90 

0* 5 

0*80 

0*70 

4,000 

1*00 

0*95 

0*96 

0*95 

0*92 

0*90 

0*87 

1*00 

0-98 

0 96 

0*95 

1 0*92 

; 

0*90 

i 0*87 

8,000 

0*99 

0*98 

0*98 

0*96 

0-95 

0 94 

0 94 

0*99 „ 

0-9 i 

: o*95 | 
i I 

0*96 

i 0*95 

0*94 

i 

0-94 
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Table 

51 z 

=30° 

c=!< 

5, <H 

G<j° 


Table 52 9= 

=30°, 

0 

11 

01 

^--120° 




V 

u (kno 

0 





V 

o .knots) 



\kms.) 

■ 10 

20 

30 

40 

50 

60 

70 

10 

20 

30 

40 

50 

60 

70 

200 

0*85 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

0 96 

o 70 ; 

X 

X 

X 

X 

X 

0*69 

X 

X 

X 

X 

X 

X 

1,000 

0*99 

0 90 

0 so 

0*53 

X 

X 

x 

0 86 

0 75 

0 57 

X 

X 

X 

X 

2,000 

1*00 

0 97 

0 92 

0 88 

0 82 

0 76 

1 0*66 

0S2 

0v8 

0 83 

0 78 

0 72 

0*62 

X 

4,000 

1 00 

0*93 

0 96 

0 95 

0-92 

0 90 

0 87 

0 96 

0 94 

091 

0 90 

0 .8 

0 85 

0 84 

8,000 

0*99 

0*98 

0*9^ 

0 96 

0 95 

0*94 

0 94 

j 0 .9 

098 

0 97 

0 96 

0 95 

0*94 

0 94 


Table 53. 9 

=30°, 

c=15, il)=15u° 


Table 54. 9 = 

=30°, 

C=15, <|l = 180° 

1*1 

• kms.) 



V, 

„ (kn^ts) 





V 

0 (knots) 



10 

20 

30 

40 

50 

60 

1 

70 

10 

20 

30 

40 

50 

60 

70 

200 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

500 

0*5 8 

X 

X 

X 

X 

X 

X 

0 54 

x 

X 

X 

X 

X 

X 

1,000 

0 82 

0 - 6 J 

X 

X 

X 

X 

X 

0 81 

0 69 

X 

X 

X 

X 

i "< 

2,000 

0 92 

0-S7 

0 81 

I 0 76 

0*68 

0 58 

X 

0 92 

0 87 

0*81 

0 70 

0 68 

I 0*58 

X 

4,000 

; 0 96 

! 0 94 

0 91 

0 90 

0*88 

0 85 

0 64 

0 98 

| 0*94 

0*91 

0 90 

0 88 

0*85 

I 0 84 

8,000 | 

0 89 

0-9S 

0*97 

0 96 

0 95 

0 94 

0 94 

0 99 

! 0 98 

0 97 

0 : 6 

0 95 

0*94 

0 94 


X Anticyclonic motion not possible. 


M lias a valu’ of more than 1 m the second column (V o =10) in Tables 13, 14, 31, 32, 43, 
44 49 and 50 indicating that the trajectories are cyclonic in th.se cases at the places in 

question. In equation (4) of the second note 2 , it was shown that 1/r— 1/rj ^1— - °° S 


where r is tip curvature of the trajectory. When C cos (j; is greater than G, the signs of r 
and r are opposite. As t 1 , refers to anticyclonic circulation, the trajectories in the cases 
mentioned for wh.ch M is more than 1 would be cyclonic. 


MGIFC— S4--XI-1-4S - 7-2-49 -500, 
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Abstract . — In this Note are listed earthquakes with epicentres in and near India, during the 
period 1917-1:934. The data are based mainly on the material provided by the International 
Seismological Summary for the period under review, the intensity of an earthquake being deter, 
mined by the maximum distance at which the earthquake was known to have been recorded- 
The positions of the epicentres are shown on a map with the help of suitable symbols. On the 
basis of the distribution of the epicentres in the map, the territory is divided into a number of 
convenient regions and a table containing the summary of the data for the different regions is given* 
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INTRODUCTION, 

The data of the earthquakes which occurred during the period 1917-1934 
and which had their epicentres in and near India are given in a condensed 
form in this Note. The territory selected for the sake of definiteness consists 
of the portion of the northern hemisphere of the globe covered by the India 
Meteorological Department map P x , the limits of latitude and longitude 
being approximately 0° to 42° N. and 40° E. to 115° E., respectively. The 
basic information is taken from the following international publications : — 

(1) E. F. Bellamy, 44 Index Catalogue of Epicentres for 1913-1930 

(2) “ International Seismologieal Summary ” for the period 1917-1934. 

The intensities of the earthquakes, which have been listed, have been 

determined for the purpose of this Note by means of the following special 
scale : — 


Int. Scale No. 

Description. 

i 

Maximum distance (in degrees of the earth’s arc) at which 
the shock was recorded according to the I. S. S. 

i 

Feeble 

<10° 

n 

Slight 

<40° 

in 

Moderate 

<100° 

IY 

Great 

, 

>100° 


The special intensity scale (I, II, III. IY) employed was necessary on 
account of the nature of the basic information. This scale should not be 
confused with any of the standard earthquake intensity scales, like the Rossi- 
Forel scale or the Mercalli-Sieberg scale, which are used for determining the 
earthquake intensities at places where earthquakes are experienced and for 
depicting the isoseismals of individual earthquakes with the help of field 
reports. 

This preliminary account is followed by three sections. Section 1 states 
the method of listing the data of earthquakes. Section 2 describes the map 
of epicentres which forms a part of the Note. - Section 3 gives a frequency 
distribution table which provides a conspectus of the earthquake data. 

, . Section 3 is followed by the list of the earthquake data and the map of 
epicentres. 

■ 1. Tim- 'METHOD OF LISTING the DATA.— The serial number, latitude and 
longitude of an epicentre are given in the first, second and third columns 
respectively. The origin time(s) and intensity (intensities) of the earthquake(s) 
fox ‘an epicentre are indicated in columns 4-9 and column 10. respectively. 

Y, 4 M.\ 4 D.’, 4 H.’, 4 M. 5 , 4 S.’, for any shock, refer to the year, the number 
of the month of the year, the day of the month, hours, minutes and seconds 
respectively ; for the sake of brevity, the first two figures (19) for the year 
under 4 Y.’ have been omitted, so that an entry such as 25 under 4 Y.’ means 
the year 1925 ; the times under 4 H.’, 4 M.’, 4 S.’, are reckoned according to 
the Greenwich Mean (Civil) Time. The intensity ( 4 Int.’) of $ shock 
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(expressed as I or II or III or IV) is given at the corresponding place in 
column 10. 

A dot is placed wherever the corresponding figure is not available. 
If, in the case of a shock, the focal depth is abnormal, i.e., in excess of the 
normal focal depth, the corresponding entry has been marked with an 
asterisk (*) in column 4 ; and in that case the depth of the focus in excess of 
the normal focal depth (expressed as a fraction of the radius of the earth) is 
given in column 11, marked " Focal depth ’. In the case of epicentre 
iNo. 279, the focal depths are less than the normal focal depth, and the figures, 
characterised by the minus sign, under column 11 give the heights (expressed 
as fractions of the earth's radius) of the foci above the normal depth level 
and the corresponding entries have been marked with two asterisks (**) 
under column 4. 

The region of an epicentre (indicated by the letter A or B or C or D or E 
or F or G or H or K) is entered in column 12 entitled “ Region ” ; the regions 
are introduced in Section 2. 

2. The map of epicentres. — The epicentres in the list are marked in 
the map ; the mark pertaining to a number on the map represents the corre- 
sponding epicentre in the list. In order to show on the map the principal 
features of epicentres as regards the intensities and focal depths of the corre- 
sponding earthquakes, the following symbolism has been adopted : — 

‘ •’ denotes an epicentre with earthquakes of normal focal depth and of 
intensity less than IV ; 

‘ ■ ’ denotes an epicentre having earthquakes of normal focal depth and 
having at least one earthquake of intensity IV ; 

4 X’ clenotes an epicentre with earthquakes of abnormal focal depths and 
of intensity less than IV ; 

sr denotes an epicentre having earthquakes of abnormal focal depths 
and having at least one earthquake of intensitv IV ; 
denotes an epicentre with earthquakes of normal as well as abnormal 
focal depths and of intensity less than IV ; 

" * denotes an epicentre having earthquakes of normal as well as 

abnormal focal depths and having at least one earthquake of 
intensity IV ; 

denotes the unique shallow-focus epicentre No. 279 in the list. 

For a quantitative description of the data the territory is divided into 
regions A, B, C, D, E, F, G, H and K as shown in the map. It has been 
mentioned above that the region of an epicentre is entered in column 12. 

3. Frequency distribution. — The data are summarised in the form 
of a table which is given below. In this table the symbol 4 IT 5 indicates that 
the intensity could not be determined in those cases ; 4 Epc.’ and 4 Eq.’ stand 
for the total number of epicentres and tbe total number of earthquakes 
respectively ; and 4 N ’ stands for the number of 4 notable ’ epicentres, an 
epicentre being classed as 4 notable ’ if it had at least one earthquake of 
intensitv IV. 
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List op Earthquakes in India and Neighbourhood from 1917 to 1934 . 




182 


C. G. FENDSE 


No. 

Lat. N. : 

o 

Long. E. 

o 

Y. 

M. 

D. 

H. 

M. 

; 

s. 

lilt. 

1 

Focal 

depth. 

Region. 

15 

2-8 

96 0 

29 

6 

29 

1 

39 

36 

Ill 



contd. 















31 

3 

5 

17 

55 

8 

IV 

i 


16 

3*0 

60-0 

26 

12 

2 

10 

41 

47 

III 

! 

i 

B 




30 

8 

23 

15 

7 

28 

III 



17 

3-0 

89-0 

22 

10 

1 

17 

26 

8 

III 


0 

18 

3-0 

97-8 

28 

12 

10 

4 

33 

33 

IV 


I) 

19 

3-5 

62-7 

32 

2 

21 

13 

21 

0 

III 


B 

20 

3-5 

97-5 

*34 

5 

1 

7 

5 

2 

III 

0-0225 

D 

21 

4-0 

94-1 

30 

2 

27 

2 

15 

16 

IV 


D 




33 

6 

1 

17 

19 

57 

III 



22 

4-0 

97-0 

21 

1 

26 

17 

55 

8 

IV 


D 

23 

4-2 

96-0 

34 

7 

31 

10 

58 

52 

IV 


D 




34 

7 

31 

11 

49 

24 

IV 



24 

4-5 

61-5 

27 

8 

18 

1 

50 

45 

III 


B 


j 


28 

7 

6 

0 

48 

0 

III 


' 

25 

! 

4-5 

95-5 

18 

2 

12 

3 

0 

43 

IV 

j 

D 

26 

4-6 

97-5 

32 

i 

6 

16 

1 

18 

50 

IV 


D 

27 

4-8 

96-8 

17 

11 

* 

! 

12 

3 

30 

IV 

1 


D 




25 

3 

19 

15 

37 

55 

IV 






28 

1 

15 

2 

55 

18 

IV 






34 

5 

12 

20 

26 

36 

III 



28 

4-9 

94-8 

29 

12 

9 

6 

49 

49 

IV 


D 

29 

5-0 

99-0 

31 

1 

20 

15 

26 

32 

IV 


D 
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No. 

Lat. N. 

o 

Long. E. 

c 

Y - | 

i 

M. 

D. 

K. 

M. j 
[ 

S. 

1 

Ini. 

Focal 

depth. 

Eegion. 

30 

5*0 

110*0 

*20 ! 

2 

26 

23 ! 

1 

! 

4 j 

3 j 

ii 

0-050 

K 



i 

i 

*20 

5 

27 

5 

49 | 

12 1 

IV 

0-050 


31 

5*5 

i 

93*0 

29 

3 

*1 

| 

14 | 

i 

54 

! 

24 

III 


D 




29 

6 

8 

6 

10 

40 

III 



32 

6-0 

99*3 

O'* 

_ « 

6 

16 

* 





D 

33 

6-6 

96-6 

33 

5 

16 






D 

34 

7-0 

94-0 

21 

3 

5 

6 

24 

8 

IV 


D 




24 

1 

24 

18 

34 

42 

III 






28 

7 

27 

15 

22 

54 

IV 



35 

8-0 

94*0 

27 

5 

17 

. 





D 




30 

: 

7 

17 

14 

34 

44 

| 

IV 






30 

12 

13 

16 

28 

27 

III 






31 

8 

8 

4 

7 

8 

IV 






34 

5 

22 

1 

21 

47 

III 



36 

8-5 

93-6 

32 

9 

20 

15 

43 

32 

IV 


D 

37 

8-8 

93-9 

32 

12 

11 

4 

26 

1 

IV 


D 

38 

9-0 

94-0 

30 

9 

30 

13 

5 

0 

III 


D 

39 

9-0 

110-0 

18 

8 

16 

7 

22 

20 

III 


K 

40 

9-5 

60-0 

25 

2 

2 

18 

44 

24 

III 


A 




29 

1 

1 

13 

38 

5 

IV 



41 

10-0 

56-5 

28 

7 

4 

17 

53 

28 

III 


A 

42 

10-2 

92-8 

25 

6 

28 

13 

41 

35 

IV 


D 

43 

10-5 

92-5 

25 

5 

13 

23 

54 

24 

IV 


D 




EARTHQUAKES IN INDIA AND NEIGHBOURHOOD 


185 


No. 

Lat. N. 

o 

Long. E. 
0 

Y. 

M. 

D. 

H. 

M. 

S. 

lilt. 

Focal 

depth. 

Region. 

52 

13*5 

52-0 

28 

9 

18 

19 

52 

27 

IV 


A 




31 

6 

23 

12 

12 

53 

III 



53 

13-6 

55-6 

32 

8 

14 

12 

36 

14 

III 


A 

54 

14-0 

49-0 

34 

9 

5 

2 

21 

3 

III 


A 

55 

14-0 

60-0 

17 

12 

5 

12 

48 

40 

III 


A 




18 

12 

16 

20 

20 

10 

TTI 



50 

14-0 

109-0 

24 

12 

26 

23 

40 

30 

III 


K 




26 

8 

15 

9 

53 

45 

IV 



57 

14-2 

53-8 

29 

3 

16 

3 

22 

3 

III 


A 




29 

3 

16 

12 

30 

40 

III 






32 

6 

11 

8 

32 

58 

III 



58 

14-5 

52-0 

24 

4 

20 

14 

26 

1 

54 

IV 


A 

59 

14-5 

53-0 

28 

3 

19 

10 

1 

54 

III 


A 

60 

14-5 

54-0 

29 

4 

28 

4 

58 

32 

III 


A 

61 

15-0 

59-7 

31 

6 

24 

23 i 

47 

12 

1 

III 


A 

62 

15-0 

88-5 

27 

7 

29 

0 

3 

5 

IV 


H 

63 

15-0 

97-0 

30 

12 

3 

15 

42 

14 

II 


' D 

64 

| 

15-0 

111-0 

17 

2 

5 

12 

18 

52 

IV 


K 




21 

11 

22 

20 

7 

30 

III 



65 

15-5 

56-5 

25 

2 

1 

15 

56 

48 

111 


A 




27 

10 

23 

4 

2 

12 

III 






28 

6 

11 

6 

11 

0 

III 



S* 

15-5 

92-5 

26 

5 

29 

22 

37 

25 

[II 


D 





C. G. PENDSE 


No. 

Lat. N. |] 

O 

Long. E. 

o 

Y. 

M. 

D. 

H. 

M. 

s. ! 

Int. 

Focal 

depth. 

Region. 

66 

15*5 

92-5 

26 

7 

12 

22 

12 

30 ' 

in 



contd . 



27 

4 

28 

2 

4 

42 

in 






31 

ii 

30 

17 

I 

41 

in 



67 

15-5 

109-0 

19 

ii 

16 

3 

5 

33 

IV 


K 

68 

15-9 

83-7 

18 

5 

19 

0 

25 

22 

III 


11 

69 

17-3 

96-5 

30 

5 

5 

13 

45 

58 

IV 


D 




30 

12 

3 

16 

36 

20 

III 



70 

18-0 

84-0 

17 

4 

17 

13 

31 

45 

III 


II 

71 

18-0 

97-0 

17 

4 

12 

2 

54 

35 

IV 


D 




19 

9 

8 

4 

8 

0 

III 






21 

9 

12 

5 

9 

48 

III 






29 

12 

15 

19 

54 

28 

III 






31 

8 

10 

10 

21 

40 

II 



72 

18-2 

96-4 

30 

12 

3 

18 

51 

51 

IV 


D 




31 

9 

6 

5 

38 

12 

III 



73 

19-0 

96-0 

33 

7 

3 

15 

9 

10 

III 


D 

74 

19-0 

109-0 

20 

5 

27 

5 

49 

30 

IV 


K 

75 

19-8 

103-3 

18 

3 

22 

5 

51 

50 

IV 


K 




19 

12 

9 

20 

23 

15 

III 



76 

20-0 

98-0 

22 

5 

2 

11 

10 

45 

IV 


D 

77 

20-0 

101-5 

25 

12 

22 

5 

5 

25 

IV 


K 




25 

12 

23 

23 

4 

12 

III 

| 


1 

f 

26 

3 

29 

15 

52 

55 

III 
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C. «. PENDSE 


No. 

Lat. hL 

o 

:Long. E. 

c 

Y. 

M. 

D. 

H. 

M. 

S. 

Tnt. 

Focal 

depth* 

Region* 

92 

23*5 

102*5 

29 

2 

9 

1 

55 

40 

in 


D 




34 

i 

12 

13 

31 

57 

IV 



93 

24-0 

, 64-5 

33 

7 

7 

7 

30 

57 

III 


G 




34 

4 

19 

23 

27 

3 

II 



94 

24*0 

82-3 

27 

6 

2 

16 

37 

24 

IV 


H 

95 

24*0 

97*0 

31 

7 

29 

17 

9 

45 

III 


D 




33 

11 

19 

9 

8 

33 

III 



96 

24-3 

«7-9 

30 

11 

4 

15 

38 

2 

IV 


D 




31 

3 

15 

15 

15 

5 

III 






33 

5 

12 

16 

10 

43 

III 



97 

24-5 

63-4 

32 

4 

18 

11 

23 

27 

III 

i 

G 




32 

4 

18 







98 

24-5 

94-5 

26 

8 

18 

23 

58 

48 

III 


D 




27 

5 

20 

10 

51 

0 

III 



99 

24-7 

03-0 

27 

12 

14 

7 

50 

18 

II 

| 

G 

LOO 

25-0 

51-5 

29 

10 

29 

8 

57 

35 

III 


G 

101 

25-0 

68-0 

20 

7 

10 






G 




21 

10 

26 

7 

5 

35 

III 






21 

10 

26 

23 

2 

40 

III 



102 

25-0 

70-7 

21 

2 

11 


, . 

. . 



G 

103 

25-0 

77-5 

26 

12 

31 

16 

53 

45 

III 

1 

! H 




29 

4 

10 

23 

53 

0 

III 



! 



30 

6 

25 

0 

49 

0 

III 
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No. 

Lat. N. ’ 

c 

Long. E. 

C 

1 

Y. 

M. 

D. 

H. 

; 

M. | 

! 

S. | 

.1 

Int. 

Focal 

depth.. 

Region. 

104 

25*0 

93-0 

24 

1 

30 

0 

5 

j 

24 

IV 


D 




26 

10 

23 

14 

30 

18 

III 



105 

25-0 

93-5 

30 

7 

11 

7 

6 

34 

III 


D 

106 

25-0 

100*5 

25 

3 

16 

14 

42 

6 

IY 


D 




25 

3 

16 

23 

50 

26 

IV 






30 

5 

14 

19 

48 

22 

III 






30 

12 

9 

0 

27 

30 

III 






30 

12 

12 

2 

53 

12 

III 






31 

1 

31 

20 

42 

50 

II 



107 

25-0 

102-0 

29 

3 

22 

3 

3 

54 

IY 


D 




34 

3 

3 

0 

34 

5 

II 



108 


108-5 

26 

11 

23 

I 

20 

37 ! 

8 

III 


K 

109 

25-1 

94-7 

34 

6 

2 

5 

54 

27 

IV 


D 

110 

25-2 

56-8 

24 

12 

11 

23 

1 

0 

III 


G 




28 

9 


14 

59 

0 

II 



111 

25-3 

93-8 

30 

9 

22 

14 

19 

14 

IY 


D 

112 

25-4 

96-8 

31 

1 

27 


9 

21 

IY 


D 




31 

1 


3 

32 

38 

III 






31 

2 

11 

19 

47 

41 

III 






31 

4 

7 

0 

15 

47 

III 






31 

5 

20 

5 


6 

III 






32 

2 

5 

13 

43 

34 

III 





i 

32 

2 

5 




•• 
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0 a. PENDSE 


No. 

Lat. N I 

o 

jong. E. 

0 

Y. 

M. 

D. 

H 

M. 

S. 

lilt. 

Focal 

depth. 

Region, 

112 

25*4 

96-S 

32 

5 

26 

5 

12 

26 

Ill 



113 j 

25-5 

91-5 

23 

9 

9 

22 

3 

42 

IV 


D 

114 

25-D 

92-5 

32 

3 

6 

0 

18 

4 

II 


D 




32 

3 

6 








! 


32 

3 

27 

8 

44 

45 

III 



a? 

25-5 

93-5 

27 

2 

13 

3 

33 

20 

III 


D 




28 

ii 

15 

15 

34 

50 

II 



116 

25*5 

98-0 

29 

1 

19 

ii 

19 

33 

III 


,D 




29 

6 

10 

0 

18 

4 

III 






29 

0 

12 

14 

SO 

4 

III 


, 




29 

6 

19 

19 

20 

45 

HI 




* ! 

| 

1 

30 

2 

28 

22 

49 

1 

10 

III 



1 



30 

4 

i 

28 

18 

34 

41 

IV 






30 

6 

5 

16 

27 

4 

III 





i 

30 

8 

6 

7 

28 

30 

III 






30 

9 

1 

5 

18 

3 

III 






31 

2 

10 

1 

22 

54 

IV 






33 

8 

4 

17 

32 

40 

III 



117 

t 25*5 

98-5 

29 

9 

9 

18 

57 

45 

III 


D 




29 

10 

16 

20 

27 

24 

IV 






29 

10 

18 

10 

42 

35 

III 




! 


30 

9 

21 

23 

4 

17 

IV 




• 


30 

9 

22 

4 

54 

50 

III 
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0. G. PENDSE 


No. 

Lat. N. ] 

o 

Long. E. 

o 

Y. 

M. 

D. 

H. 

M. 

S. 

Int. 

Focal 

depth. 

Region. 

137 

27-0 

103-5 

25 

4 

16 

5 

32 

15 

hi 


D 

138 

27-2 

59*5 

26 

5 

19 

21 

13 

44 

in 


G 

139 

27-5 

53-3 

34 

8 

31 

0 

40 

2 

ii 


G 

140 

27-5 

53-8 

24 

6 

30 

i 

3 

41 

12 

IV 


G 




27 

ii 

16 

1 

27 

0 

II 



141 

27-5 

55-0 

25 | 

9 

24 

4 

38 

36 

IV 


G 




26 

4 

23 

1 

31 

30 

III 


j 




29 

10 

29 

5 

53 

30 

III 






29 

10 

29 

10 

32 

36 

III 






29 

10 

29 

11 

48 

20 

III 






29 

11 

20 

19 

56 

58 

III 






30 

5 

11 

22 

35 

50 

IV 






30 

5 

12 

0 

21 

15 

IV 






30 

5 

13 

20 

14 

14 

III 






30 

8 

17 

12 

29 

32 

IV 






30 

8 

23 

10 

53 

18 

IV 






30 

9 

5 

16 

20 

38 

III 






31 

11 

16 

8 

25 

5 

II 



142 

27-5 

57-5 

33 

2 

21 

19 

3 

5 

III 


G 




33 

2 

26 

5 

9 

42 

II 






34 

2 

26 

14 

47 

19 

II 



143 

27-5 

62-6 

34 

6 

13 

22 

10 

24 

IV 


G 

144 

27-5 

63-6 

! 

19 

10 

24 

20 

32 

15 

III 


G 
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0. a. PENDS k 


No. 

Lat.N. 

O 

Long. E. 

O 

Y. 

M. 

D. 

H. 

M. 

S. 

Int. 

Focal 

depth. 

Region. 

157- 

28-7 

51-9 

28 

4 

15 

10 

9 

28 

hi 



contd. 



28 

8 

20 

23 

1G 

i 

21 

ii 






28 

1 

8 

27 

3 

37 

54 

in 






28 

8 

27 

4 

19 

57 

in 






29 

7 

16 

19 

43 

15 

hi 






29 

' 10 

2 

11 

51 

54 

ii 






30 

2 

15 

19 

7 

G 

hi 


; 

» 



30 

7 

8 

17 

15 

42 

in 



158 

29-0 

104-0 

1 17 

| 7 

30 

23 

54 

5 

IV 


D 




! 25 

10 

29 

19 

31 

40 

III 



159 

29-3 

98-7 

29 

5 

24 

18 

37 

44 

IV 


E 

160 

294 

514 

30 

9 

2 

18 

i 58 

52 

III 


G 




30 

10 

18 

1 

2 

20 

III 






31 

7 

28 

17 

36 

32 

III 



161 

29 5 

560 

23 

9 

22 

20 

47 

33 

IV 

i 

G 

■i 

; 

! 



23 

9 

23 

3 

18 

58 

IV 






24 

1 

18 

14 

56 

20 

! 

HI 



162 

29-5 

59-5 

23 

9 

14 

8 

10 

30 

IV 


G 




25 

7 

11 

21 

52 

22 

III 



163 

29-5 

80-0 

33 

5 

18 

10 

24 

12 

II 


E 

164 

29-5 

91-5 

24 

8 

13 

23 

57 

42 

IV 


E 

165 

29-5 

95-0 

29 

3 

25 

3 

46 

54 

III 


E 

166 

29-5 

101-0 

26 

8 

11 

5 

47 

30 

III 

i 

E 
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O. a. PENDS E 




EARTHQUAKES IN INDIA AND NEIGHBOURHOOD 


No. 

Lat. N. 

0 

Long E 

o 

1 

Y. 

M. 

D 

H. 

j M. 

j S. 

i 

Int. 

Focal 

depth. 

Region. 

205 

32-0 

100-0 

19 

8 

25 

19 

55 

15 

' in 


E 




30 

4 

28 

12 

59 

27 

hi 



206 

32-2 

55-8 

33 

12 

12 

5 

21 

46 

ii 


G 




33 

12 

14 

18 

51 

49 

hi 



207 

32-3 

93*0 

30 

9 

24 

3 

22 

20 

m 


E 




34 

6 

23 

5 

19 

58 

hi 



208 

32-5 

43-7 

30 

4 

3 

12 

8 

40 

hi 


G 

209 

32-5 

47-0 

30 

4 

3 | 

6 

32 

58 

HI 


G 

210 

32-5 

53-0 

28 

9 

18 

8 

7 

50 

III 


G 




31 

1 

4 

20 

10 

48 

III 



211 

32-5 

64-0 

28 

9 

10 

17 

28 

51 

III 


G 




31 

9 

10 

22 

27 

8 

II 



212 

32-5 

97-5 

23 

8 

! 

7 

14 

23 

28 

IV 


E 




24 

1 

26 

18 

24 

20 

II 






30 

9 

29 

9 

58 

42 

II 



213 

32-7 

67-3 

33 j 

10 

16 

4 

34 

52 

III 


G 

214 

32-8 

84-3 

3i i 

i 

8! 

! 

2 

18 

4 

39 

II 


E 




31 

8 

0 

18 

16 

55 

II 



215 

32-9 

69-3 

31 

6 

2 

17 

36 

55 

II 


G 




31 

6 

9 

0 

29 

22 

III 



216 

33-0 

50-0 

22 

3 

21 

16 

56 

12 

IV 


G 

217 

33-2 

71-4 

21 

i 

9 

12 

0 

9 

40 

II 

1 


G 


i 


24 

9 

12 

8 

59 

30 

0 
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No. 

Lat. N. 

o 

Long. E. 

o 

Y. 

M. 

D. 

H. 

M. 

S. 

Int. 

Focal 

depth. 

Begion, 

227 

34-2 

48-0 

32 

3 

15 

10 

18 

10 

in 


G 




32 

3 

15 







228 

34-2 

72-0 

27 

9 

b 

20 

10 

30 

hi 


G 




27 

9 

30 

18 

40 

6 

in 






28 

5 

2 

14 

3 

13 

ii 



229 

34-2 

77-5 

17 

5 

9 

21 

45 

50 

IV 


E 




21 

11 

11 

1 

18 

45 

III 



230 

34-4 

105-8 

30 

7 

23 

18 

53 

16 

III 


E 

231 

34-5 

41-8 

18 

4 

25 

2 

22 

35 

IV 


G 




19 

8 

31 

2 

32 

48 

III 



232 

34-5 

57-1 

18 

3 

24 

23 

14 

54 

IV 


G 

233 

34-7 

54-0 

27 

7 

22 

3 

54 

54 

IV 


G 




27 

7 

22 

8 

37 

30 

III 






27 

7 

22 

20 

33 

30 

II 






27 

7 

23 

20 

17 

46 

III 






27 

7 

23 

22 

40 

18 

IV 






27 

7 

27 

20 

41 

42 

II 



234 

34-8 

46-0 

23 

6 

18 

4 

18 

40 

II 


G 

235 

35-0 

44-0 

26 

4 

2 

11 

56 

0 

III 


G 




29 

8 

7 

20 

22 

25 

i 

II 



236 

35-0 

69-0 

20 

2 

27 

3 

51 

36 

IV 


I 




*21 

5 

20 

0 

43 

10 

IV 

0-030 





*25 

3 

8 

11 

27 

42 

III 

0-030 
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C O. PKNDSE 


No. 

Lat. N. 

O 

Long. E. 

o 

Y. 

M. 

D. 

H. 

M. 

S. 

Int. 

Focal 

depth. 

Region. 

236 — 

35-0 

69 0 

26 

3 

18 

6 

31 

45 

11 



contd . 



26 

3 

22 

16 

24 

0 ' 

IV 






*27 

7 

15 

3 

46 

30 

IV 

0-030 





*27 

10 

2 

3 

7 

26 

III 

0-030 





28 

6 

24 

4 

34 

22 

IV 



237 

35-0 

71-5 

23 

11 

14 

4 

32 

54 

III 


G 

238 

35-0 

78-0 

26 

8 

6 

20 

36 

30 

III 


E 




26 

8 

6 

22 

45 

46 

IV 






29 

11 

16 

13 

3 

36 

II 



239 

35-0 

89-0 

26 

7 

15 

18 

25 

40 

III 


E 

240 

35-0 

90-5 

19 

6 

28 

10 

26 

53 

III 


E 




20 

5 

2 

8 

27 

50 

IV 






20 

5 

2 

14 

46 

40 

IV 






25 

8 

31 

9 

58 

0 

IV 






26 

6 

4 

6 

50 

45 

IV 






26 

6 

4 

8 

3 

0 

III 






26 

6 

6 

6 

49 

0 

III 

! 


241 

35-0 

98-0 

31 

7 

29 

11 

35 

32 

III 

i 

1 

j 

■E 

242 

35-1 

57-8 

33 

10 

5 

13 

29 

53 

IV 


G 




33 

10 

5 


■ 





243 

35-1 

70-9 

34 

12 

27 

13 

37 

27 

H 


F 

244 

35-1 

102-1 

31 

12 

6 

23 

1 

3 

III 


E 

245 

35-2 

81-1 

30 

9 

1 

17 

43 

17 

III 


E 
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No. 

Lat. N. 

o 

! 

Long. E. 

C 

1 

Y. 1 

1 

M. | 

i 

TJ ! 

1 

H. 

M. 

S. 

Ink 

Focal 

depth. 

Region. 

246 

35 4 

65-3 

| 

34 

i 

4 

3 

11 

26 

44 

ii 


G 

247 

35-5 

48-0 

24 

11 

8 

9 

5 

0 

hi 


G 




24 

11 

8 

17 

45 

20 

in 






24 

ii 

10 

21 

8 

56 

hi 






24 

ii 

10 

21 

54 

56 

m 






24 

11 

11 

15 

53 

40 

hi 






24 

11 

12 

9 

28 

20 

ii 






27 

6 

15 

6 

46 

10 

ii 



248 

35-5 

55-0 

23 

9 

17 

7 

9 

4 

IV 


G 




24 

7 

3 

8 

8 

30 

II 






24 

7 

3 

8 

18 

50 

III 






27 

7 

29 

11 

33 

12 

II 






28 

4 

14 

13 

16 

33 

II 



2*9 

85-5 

59-0 

28 

8 

21 

19 

1 

52 

IV 


G 

250 

35-5 

77-0 

23 

9 

30 

33 

10 

15 

III 


E 




27 

7 

24 

14 

0 . 

24 

III 



251 

35-5 

104-0 

20 

12 

28 

3 

16 

30 

IV 


E 




24 

4 

21 

16 

12 

25 

III 



252 

35-6 

43-2 

31 

10 

13 

7 

36 

42 

II 


G 

253 

35-7 

81-0 

20 

10 

12 

6 

54 

40 

IV 


E 




24 

11 

6 

7 

46 

0 

III 



254 

35-79 

105-74 

20 

12 

16 

12 

5 

43 

IV 


E 




20 

12 

25 

11 

33 

8 

IV 
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C. G. PiiNDKH 


No. 

Lat. N. ■ 

o 

Long. E. 

o 

Y. 

M. 

D. 

H. 

i 

M 

S. 

Int. 

Focal 

depth. 

Region. 

255 

35-8 

52*1 

30 

10 

2 

15 

33 

12 

hi 


G 




30 

10 

7 

20 

53 

6 

ii 



256 

36-0 

71*0 

30 

12 

16 

8 

19 

25 

ii 


F 




31 

5 

16 

7 

15 

14 

n 






*31 

8 

15 

4 

1 

4 

hi 

0*025 


257 

36*0 

78-0 

30 

5 

17 

17 

11 

10 

ii 


E 

258 

36-0 

84-5 

26 

7 

17 

19 

14 

12 

hi 


E 




27 

2 

5 

0 

0 

36 

ii 

: 


259 

36-0 

86*0 

30 

11 

30 

0 

35 

0 

in 


E 

260 

36-0 

92-5 

29 

12 

7 

9 

54 

45 

11 


E 

261 

36-0 

i 

102-0 

28 

3 

7 

22 

43 

14 

IV 


E 




28 

5 

5 

13 

40 

50 

III 



262 

36-0 

103*0 

28 

3 

21 

3 

53 

18 

II 


E 

263 

36-2 

69*5 

33 

5 

21 

17 

53 

55 

II 


F 

264 

36-2 

70*7 

*34 

11 

18 

3 

21 

23 

IV 

0*020 

F 

265 

36*3 

44*9 

32 

5 

7 

14 

54 

15 

II 


G 

266 

36*3 

53*5 

32 

5 

20 

19 

16 

18 

III 


G 




32 

5 

20 







267 

36*3 

69*4 

31 

9 

14 

3 

32 

8 

IV 


F 




32 

3 

9 

1 

11 

50 

II 






32 

3 

9 










33 

12 

2 

2 

15 

21 

III 



268 

36*3 

71*0 

34 

11 

15 

23 

14 

48 

III 


F 
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No. Lat. N. Long. E. 

0 o 

Y. M. 

D. 

! 

H. 

i j 

M. j S. 

Int. 


269 36-5 

49-0 

27 10 

31 

1 

6 

23 0 

ii 

G 

270 36-5 

65-5 

28 2 

25 

17 

23 42 

hi 

G 



28 8 

2 

1 

31 14 

ii 




29 4 

24 

4 

59 15 

1 

ii 


271 36-5 

70-5 

*21 11 

15 

20 

36 30 

IV 

0-030 



*25 5 

14 

7 

10 48 

III 

0-020 



*25 9 

23 

20 

12 15 

III 

0-020 



*26 5 

26 

9 

40 36 

II 

0-020 



*27 4 

24 

11 

20 20 

III 

0-020 



28 1 

21 

15 

4 50 

III 




*28 8 

10 

15 

33 | 37 

III 

0-035 


IV 0-025 I 

III 0-035 

II 0-025 

III 0-025 

II 

III 

IV 0-025 
0-025 

II 0-025 

II 

IV 0-025 
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C. ft. PENDS E 


No. 

' Lat. N. 

o 

Long E. 
© 

Y. 

M 

D. 

H. 

M 

S 

Int. 

Focal 

depth 

Region. 

271— 

36*3 

70-5 

34 

9 

26 

1 

7 

2 

Ill 



contd . 


! 










2 2 

36-5 

75-0 

28 

4 

12 

15 

25 

48 

III 


E 




29 

9 

24 

13 

51 

55 

III 



273 

36-5 

96-0 

30 

3 

26 

11 

14 

40 

III 


E 

274 

36-6 

77-8 

33 

7 

15 

22 

21 

36 

11 


E 

275 

36-7 

63-0 

25 

8 

6 

7 

15 

24 

II 

i 


G 




25 

11 

23 

14 

38 

22 

II 






27 

7 

i 11 

: 

16 

12 

10 

II 



276 

36-7 

72-2 

34 

10 

25 

10 

20 

28 

I 


F 

277 

36-8 

69-5 

*22 

12 

6 

13 

55 

26 

IV 

0-020 

F 


| 


*25 

12 

18 

18 

10 

16 

■ 

III 

0-030 


| 

| 


27 

10 

7 

21 

34 

25 

III 






31 

11 

4 

15 

21 

31 

II 




; 


33 

6 

23 

20 

50 

50 

II 






34 

6 

18 

3 

26 

42 

II 



278 

; 36-8 

97-4 

33 

3 

31 

21 

59 

36 

III 


E 

279 

36-8 

102-8 

**27 

5 

22 

21 

43 

0 

III 

—0-005 

E 




**27 

5 

22 

22 

32 

32 

IV 

—0-005 





**27 

5 

23 

j 2 

45 

40 

IV 

—0-005 





**27 

5 

23 

13 

51 

6 

III 

—0-005 



| 


**28 

3 

20 

2 

23 

28 

III 

—0-005 





**28 

3 

21 

3 

53 

24 

II 

—0-005 


280 

37-0 

44-0 

30 

5 

6 

7 

3 

22 

III 


6 


KARfH^rAKEfc IX LVDIA AVU XE [OH R< K'RHuOf) 


No 

i ; 

Lat X Lon^' E ; 

Y 

31 

i 

1 D 

H. 1 21 

1 8 1 

Jut 

: Focal 
depth. 

| Eei>JOii 

>0— 

37 1) 44 () 

.10 

5 

! G 

! 22 i 34 

27 

IV 



Cfhtd. 





< 

1 





| ! 

:-io 

5 

l 

7 

1 4 ! 47 

: 4( > , 

1 

| 



! i 

| 

30 

! 5 

7 

i 

! 

! -t ‘ 38 

40 j 

II 




l 1 

i 

30 

5 

1 7 

5 . 24 

i i 

24 

I 

i 



1 j 

j ; 

30 

5 

h* 

i 

5 , 42 

| 

30 | 

J 

II 




I i 

1 1 

30 

5 

7 

9 29 

30 | 

II 

1 



! | 

30 

5 


10 58 

25 

II 

’ 

J 



1 | 
i 

30 

5 

7 

11 | 31 

42 

II 

] 

i 



1 

; i 

, i 

30 

5 

9 

143, 

o ! 

i 

II 

i 

i 



* 

30 

5 

10 

21 43 

1 

22 1 

j 

III , 

! 

j 



» 1 

30 

5 

10 

23 , 59 

20 i 

•II 

: 


j 

; 

30 i 

5 ; 

21 

| , | 

13 ; 50 j 

i 1 

51 ; 

i 

II ' 



| 

{ 

30 , 

7 ; 

9 

( t 

1 4 35 , 

49 : 

i 

11 ; 

i 




; 

30 

i 

8 | 

; 21 

. 6 ! 55 j 

20 , 

n 

| 


281 

37-0 ' 53-0 1 

24 ! 

9 ; 

: 27 

1 io : 12 

I i 

10 : 

'II ; 

! 

j 

(4 

282 ' 

37-0 1 58-5 

•29 

7 

13 

7 i 30 : 

25 : 

i 

II 1 

i 

It 

f 

j 

! 

f ‘ 

30 

10 

fi 

18 8 1 

18 

II ’ 



! 

i 

j 1 

( 1 

31 

! 

; 8 

! 8 

1 

| 8 ' 54 1 

i 

24 ' 

IT i 

• 


283 

1 ! 

37*0 . 71*0 | 

*31 

| 10 

1 ** 

! 22 : 31 

! 

' 29 ! 

! 1 

IV 

0-020 | 

¥ 


i j 1 

34 

; io 

• 27 

I 

1 4 ’ 37 

- 43 

| i 

I 

! 

! ; 


284 

37-0 72*0 

*24 

: 10 

| 13 

; io ■ 17 

i 30 | 

IV 

0-030 : 

i i 

F 


: 1 
i ! i 

*25 

: H 

; 2o 

1 13 ' 4 

4 ; 

III 

0-040 



j 

i i 

i 

30 

; 5 

24 

: 0 j 25 

; 5 j 

11 

| j 




C U PKNDSK 


2lO 


No, 

, i 

Lat. X ‘Long. E i 

1 

Y i 

1 

M. 

i 

d ; 

H 

M 

s 

Int. 

Focal 1 
depth. : 

Region 

284— 

67 0 ; 

72 0 

30 

! 

9 

5 ! 

10 j 

i 

13 

56 

IV 



<r mid. 

j 

f 



i 

I 






i 

> 


*31 

1 

20 ! 

I 

9 I 

27 

30 

IV 

0 030 


t 

! 

1 

J 

i 

*33 

5 

27 

22 j 

42 

3 

III 

0-030 


285 

67*0 1 

79-9 ; 

1 

33 

10 

19 

5 

55 

13 

II 


E 

286 

37*0 

8i*o ; 

23 

12 

16 

11 

48 

20 

III 


E 

• 2*7 

37*3 

44*8 

30 

5 

8 

15 

35 

24 

IV 


(r 



! 

30 

5 

8 

23 

36 

22 

II 






30 

8 

* 3 

22 

5 

51 

II 





i 

31 

12 

i 24 

23 

0 

5 

III i 

1 


288 

37-3 

85-3 i 

24 

7 

! 3 

4 

40 

0 

1 

IV ! 

! 

K 



, 

24 

7 

i o 

15 

1 

54 

f i 

J IV l | 




24 

i 

! 7 

11 

19 

44 

33 

iv : i 

1 




24 

1 

! 7 

; 15 

21 

I 38 

! 

1 

! o 

! J 1 

1 HI ! I 

' : 




26 

1 3 

i 3 

18 

I 

i 8 

1 

1 27 

!V 1 


2*9 

i 

37*5 

45*5 

29 

! ii 

1 o 

i 

.10 

; 6 

4 

III 

0 

1 

i 

i 


30 

5 

; 7 


, 47 

■ 18 

II 

| *7 f 





30 

5 

! 8 

1 

1 5 

i 

: 29 

i 

| 30 

m i 





30 

* 

; 5 

1 

! '8 
i 

i 

■ 14 

] 

j 23 

j 32 

i 

11 • 



| 

j ! 

30 

! 5 

i 

1 8 

15 

! » 

j 21 

: i 

II i 



| 

i 

1 i 

l i 

30 

1 5 

| 28 

I 9 

! 48 

1 

20 

III | 




l i 

j 1 

! 

30 

I 

i 5 

1 29 

j 

s 

: 17 

j 14 

55- 

hi ! 



! 

i 

31 

i 5 

i 12 

i i 

: 10 

25 

! 10 

! j 

111 ! ! 


1 I 

; ! 


31 

! 7 

t 

j 4 

! 

21 

0 

i 54 1 

! ! 

11 : i 



KAR I’HQ TAKES L\ INDIA AND NEKDIBorRKOOD 


Xo. 

! 

Lar X |] 

1 tong E 

Y 

! 

1 11 

; d. 

1 

H 

; M. 

■ s ; 

Jut 

% 

Focal 

’ Reapo i. 






_ l 


| 

i 

i 

i 

j depth 

1 

290 

37 5 

55 0 

28 

1 

I 

f 4 

i 

i 

20 

| 15 

; 39 

i 

1 50 1 

I 

ii 

j ■ (; 

291 

37-5 ; 

r>0-0 , 

29 

i 12 

24 

! 19 

i 54 

1 35 | 

ii 

1 

1 

i 


292 

37-8 , 

70-5 j 

17 

] 4 

i 21 

i 

1 0 

1 

i 49 

I 

J8 j 

IV 

F 

• 

j 

j 

23 

i 

7 

1 

1 

! n 

j 23 

36 j 

III 1 



1 

i 

23 

7 

* 29 

9 

37 

» 1 

III * 



| 

I 

24 

9 

17 

[ 

10 

20 

i 

30 j 

III 

1 i 

' i 




[ 

29 

1 7 

1 

j 10 | 

9 1 

1 | 

! 

57 ; 

1 

II 

< i 

i 

l 

) 

29 

i 

1 12 

! 

: -9 ! 

I 

o! 

i 

i 

58 1 

53 ; 

I 

i 


1 

1 

1 

30 

9 

! 

; ^ | 

io ! 

15 j 

i 

i 

21 : 

III 

i 

. 

1 

1 

* 

31 j 

1 ! 

_ i 

i t 

8 i 

49 ! 

i 

36 ! 

II 


* 

i 

j 

i 

1 

i 

i 

32 j 

1 

~ | 

14 1 

20 ! 

1 

30 ! 

1 

25 i 

11 


, 

- 

t 

i 

32 | 

2 

14 ; 


( 

! 

! 



j 

t 

! 

33 ; 

7 

25 1 

13 ! 

38 * 

! 

23 1 

I 

II j 

i 

i 

i 

i 


34 1 

l 

i 

4 ! 

i 

1“ 

23 

27 : 

( 

3 | 

i 

II 1 

t 


i 

( 

) 

! 

34 

I 

9 | 

18 i 

7 I 

7 1 

13 ; 

II : 

, 


293 

f 37 “0 

1 90*0 

23 

i 

; ii 

21 

j 13 

; 34 

' 0 

; 111 


| 

I 

j 

24 

j 

j 6 

17 

16 

; 26 

i 36 

j 

hi 

294 

37*5 

1 

99*0 

1 

27 

1 3 

j 15 

1 21 

48 

25 

in 

295 

37*5 

10045 

27 

5 

23 

10 

11 

; : 42 

hi 


j 

j 

i 

| 

27 | 

5 ! 

i 

23 

| 

10 

i 56 

! 

1 30 I 

in j 


i 

t 

i 

1 

| 

27 . 

1 

3 

23! 

13 ! 

! 

! 

j 51 

« 1 

hi j 

1 


[ | 

j 

27 ; 

„ i 
o J 

1 

! 

23 ; 

! 

i 

16 i 

*>5 ! 

I 

30 j 

I 

II : 

) 

\ 



27 

f 

5 J 

1 

23 ! 

23 ! 

{ 

44 ’ 

54 ! 

ITT : 
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C PKXIJSK 


No. 

Lat. N. 

Loiur. Ej 

y. 1 

M. ! 

i> i 

H 


8 

hit 

lOical p * 

i ,t 1 Keinun 

depth. j 

2y5— i 

37*5 

mo 5 ■ 

27 

5 

24 

9 

3 

30 

m 


■’'utrtfl. ! 



i 








' 



27 ; 

5 -1 

24 

9 

15 

20 

111 


j 

i 


j 

27 

5 

24 

16 

1 

24 

III 

i 

i 


! ! 
t 

27 

6 

23 

23 

42 

15 

III 

i 

i 

296 ] 

37-6 

; t2-g| 

29 

3 

13 

11 

1 

12 

III 

F 

! 



! 

1 I 

» 

30 

7 

31 

0 

7 

30 

II 




1 

33 

6 

19 

22 

34 

9 

n 

• 

i 



\ 

34 

9 

1 

9 

2 

51 

11 

! 

297 

37*7 

; 07-s | 

29 

7 

25 

0 

17 

17 

III 

i ijr 

298 

37-7 

64-5 ; 

28 

< 

10 

21 

f> o 

42 

11 

I 

I ’- T 

299 

37*7 

09-8 ! 

32 

3 

23 

9 


7 

i 

j F 


! 

i 

33 

I 

7 

; 20 

4 

1 

19 

33 

i 1 

! 

| 

1 


| 

) < 

34 

6 

19 

j 

; i 

! 4 

1 

42 

n ; 

i 

; 

1 

. 1 

| 


! 

34 

7 

5 

i 7 

1 30 ! 

I 

40 

TII ! 

f 


300 

37-7 

i 7.3-6 ; 

23 

11 

! 28 ; 

lie 

1 j 

i 

S 1 
1 1 

10 

l 

ii ; 

! 

j F 



i ! 

! i 

l 

26 i 

i 

12 

; 19 i 

11 

! i 1 

30 

ai 

j 

.301 

37-8 

i 

! 47-3 ; 

28 ' 

3 

s 

j 24 

i 1 

10 

1 

i i 

! 53 i 

16 ! 

i 

in ; 

i « 

•302 

I 37-8 

| 

! 48-2 ' 

j 

32 

5 

i 

1 24 

1 

23 

29 

»! 

II i 

! a 

i 



1 

j | 

32 ■ 

, 5 

: 24 

! 23 

i i 

31 

i 

51 

ii i 

! 

303 

- 37-8 

j 69*8 ’ 

33 

! 6 

12 

9 

j 



1 

! F 
! 

304 

37-9 

j 45*1 1 

i ; 

30 

; 6 

i 

1 4 

7 

i 

s 28 : 

: 10 

III 

i *4 

4 


1 

I 

i ! 

30 

1 10 

' 25 

23 

! 

' 34 

' 25 

1 

! m 

: 1 


1 

i 

I 

i . 

! i 

j 

34 

! 2 

i 22 

i 

1 8 

I 7 

j 

20 

1 iv 

1 

j 1 
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No. 

Lat. N 

o 

Long E. 
0 

Y. 

M. 

D. 

H 

M. 

S 

Int. 

Focal 

depth 

Region. 

305 

37-9 

71-9 

34 

9 

8 

19 

57 

45 

ii 


F 

306 

38-0 

40-0 

34 

12 

14 

22 






307 

38-0 

42-0 

26 

10 

9 

19 

16 

0 

ii 


G 




26 

10 

9 

20 

20 

48 

TI 






29 

10 

15 

4 

45 

22 

III 



/ 



32 

3 

21 

19 

53 

25 

II 



\ 



32 

3 

21 




- 



308 

38-0 

43-0 

24 

7 

25 

21 

39 

24 

II 


G 

309 

38-0 

43-8 

30 

4 

16 

21 

25 

42 

II 


G 

310 

38-0 

48-5 

17 

6 

2 

0 

28 

12 

II 


G 

311 

38-0 

56-8 

29 

5 

i 

15 

37 

22 

IV 


G 




29 

5 

i 

22 

42 

45 

II 






29 

5 

13 

13 

27 

3 

III 



312 

38-0 

68-0 

30 

7 

14 

: 

20 

41 

54 

III 

; 


F 

313 

38-0 

69-5 

25 

8 

30 

13 

15 

50 

hi 


F 


| 


27 

4 

28 

0 

49 

42 

ii 


: 




33 

12 

9 

7 

52 

16 

HI 



314 

38-0 

76-5 

25 

12 

7 

8 

34 

24 

III 


E 




30 

3 

1 

5 

35 

9 

II 



315 

38-0 

107-0 

21 

1 

6 

23 

9 

45 

III 


E 




21 

1 

7 

9 

42 

25 

III 



316 

38-1 

98-4 

30 

7 

13 

19 

27 

22 

IV 


E 


1 

i 


33 

5 

19 

17 

20 

51 

III 
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No. 

Lat. N 

o 

Long. E 

o 

. Y. 

M. 

D 

H. 

M 

S. 

Int. 

Focal 

depth. 

Region 

329 

38-7 

70-5 

29 

3 

6 

16 

59 

23 

i 


F 




34 

8 

31 

14 

57 

51 

IV 






34 

9 

1 

12 

31 

21 

II 






34 

9 

3 

2 

49 

5 

II 






34 

9 

5 

10 

19 

59 

II 






34 

9 

ii 

14 

7 

0 

II 



330 

38-8 

70-0 

24 

9 

16 

2 

35 

54 

IV 


F 




25 

1 

2 

23 

15 

45 

II 1 






26 

6 

30 

22 

51 

48 

III 






30 

9 

22 

16 j 

26 

45 

III 



331 

33-8 

71-2 

33 

4 

30 

13 

6 

51 

I 


F 




34 

1 

18 

15 

47 

31 

II 






34 

4 

18 

13 

5 

2 

II 






34 

9 

1 

13 

0 

39 

II 






34 

9 

4 

1 

20 

30 

I 






34 

9 

4 

8 

59 

10 

I 






34 

9 

4 

9 

33 

45 

II 






34 

12 

20. 

0 

24 

23 

I 



332 

39-0 

47-5 

24 

2 

19 

6 

59 

45 

IV 


G 




31 

7 

5 

17 

57 

22 

III 



333 

39-0 

48-5 

33 

4 

16. 

6 

54 

46 

II 


G 




34 

6 . 

8 

2. 

2 

3 

II 



334 

39-0 

50-0 

2 

9 

12 

a 

37 

35 

II 


G 


F2 
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No. 

Lat. N. I 

o 

jong. E. 

o 

Y. 

M. 

D. 

H. 

M. 

S. 

Int. 

Focal 

depth. 

Region, 

335 

39-0 

55-0 

25 

3 

12 

11 

20 

12 

u 


a 

336 

39-0 

67-0 

31 

7 

15 

2 

17 

17 

ii 


F 

337 

39-0 

73-0 

18 

12 

1 

2 

35 

4 

IV 


F 




22 

12 

17 

0 

50 

48 

IV 






25 

2 

1 

19 

33 

36 

II 






26 

8 

26 

10 

29 

42 

III 

1 





27 

1 

20 

8 

46 

| 

45 

III 

i 

' 

i 





32 

7 

17 

ii 

37 

14 

II 






32 

8 

16 

21 

53 

48 

II 



338 

39-0 

75-0 

27 

10 

29 

1 

24 

44 

III 



! 



28 

3 

2 

18 

44 

35 

III 






28 

3 

7 

9 

45 

55 

III 






28 

4 

25 

1 

16 

40 

III 






29 

6 

18 

14 

10 

25 

III 



339 

39 0 

78-0 

27 

10 

31 

23 

29 

45 

III 


E 

340 

39-0 

81-5 

27 

5 

2 

22 

4 

55 

III 


E 




27 

12 

1 

22 

47 

18 

III 



341 

39-0 

95-0 

17 

9 

4 

16 

42 

16 

IV 


E 

342 

39-1 

71-6 

29 

3 

27 

2 

11 

55 

I 


F 




29 

3 

27 

2 

36 

8 

II 






29 

3 

27 

3 

37 

18 

II 






30 

1 

7 

17 

27 

42 

II 




I 

i 

34 

1 

9 

3 

10 

19 

22 

II 
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No 

Lat.N ] 

O 

Long. E. 

o 

Y. 

M. 

D 

H. 

M. 

S. 

Int. 

Focal 

depth. 

Region. 

343 

39-1 

72-4 

34 

2 

20 

20 

6 

32 

II 


F 




34 

9 

2 

10 

46 

19 

II 



344 

39-2 

73-6 

30 

8 

9 

22 

41 

9 

II 


F 

345 

39-2 

96-4 

32 

12 

25 

2 

4 

31 

IV 


E 

346 

39-3 

69-7 

30 

10 

12 






F 

347 

39-3 

73-3 

34 

9 

23 

1 

24 

33 

III 


F 

348 

39-4 

69-3 

34 

11 

7 

21 

17 

36 

I 


F 

349 

39-5 

72-0 

1 

18 

9 

12 

9 

38 

30 

III 


F 




23 

12 

20 

15 

13 

20 

III 






26 

5 

2 

10 

0 

32 

IV 






27 

4 

26 

7 

55 

24 

I! 

! 






27 

5 

16 

23 

57 

30 

II 






32 

10 

29 

9 

59 

24 

II 






32 

10 

29 

11 

8 

55 

IV 



350 

39-5 

76-5 

30 

2 

8 

6 

28 

54 

in 


F 




30 

4 

10 

14 

24 

10 

hi 



351 

39-5 

79-0 

27 

4 

30 

13 

56 

30 

in 


E 




28 

3 

18 




• • 



352 

39-5 

91-5 

22 

10 

16 

16 

1 

25 

IV 


E 




26 

6 

17 

18 

13 

30 

hi 



353 

39-7 

53-3 

28 

11 

6 

13 

42 

25 

n 


G 

354 

39-8 

71-3 

33 

4 

2 

13 

0 

33 

i 


F 

355 

39-8 

74-3 

31 

4 

26 

0 

13 

57 

i 

1 

F 
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No, 

Lat. N. " 

o 

Long E. 

o 

Y. 

M. 

D. 

H. 

M. 

S. 

lilt 

Focal 

depth. 

Region, 

356 

39-9 

49-3 

34 

11 

2 

22 

6 

11 

II 


G 

357 

40-0 

60-0 

19 

7 

14 

14 

22 

0 

III 


G 




25 

12 

10 

4 

59 

40 

II 






31 

8 

7 

10 

49 

45 

IV 



358 

40-0 

69-3 

31 

11 

16 

0 

15 

20 

II 


F 

359 

40-0 

71*0 

26 

4 

11 

6 

2G 

12 

III 


F 




31 

7 

23 

4 

45 

56 

1 






33 

9 

9 

19 

i 

34 

18 

1 

II 



360 

40-0 

76-0 

19 

7 

24 

2 

3 

20 

IV 


F 




20 

6 

14 

13 

8 

10 

III 






20 

6 

14 





i 





24 

3 

31 

16 

51 

50 

III 






24 

5 

11 

12 

16 

48 

III 






26 


16 

16 

40 

6 

II 



361 

40-0 

78-0 

25 

8 

5 

20 

11 

33 

III 


F 




27 

3 

24 

7 

42 

34 

III 






27 

3 

29 

18 

5 

24 

II 



362 

40-0 

110-0 

18 

4 

10 

2 

3 

44 

IV 

j 

i 

E 




27 

5 

27 

2 

54 

40 

III 

1 

! 


363 

40-3 

69-5 

*23 

12 

28 

22 

24 

42 

IV 

0-010 

F 

364 

40-3 

76-3 

30 

6 

27 

5 

28 

20 

I 


F 

365 

40-3 

97-4 

32 

12 

28 

8 

25 

25 

II 


E 




33 

1 

17 

15 

59 

58 

II 
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No. 

Lat. N. ] 

O 

jong. E. 

o 

I 

Y. 

M. 

D. 

H. 

M 

S. 

Int. 

Focal 

depth.. 

Region. 

366 

40-5 

71-8 

33 

1 

4 i 

13 

4 

54 

54 

I 


F 

367 

40-5 

82-5 

23 

6 

21 

12 

25 

0 

III 


E 

368 

40-5 

90-5 

17 

10 

17 

i 

24 

50 

III 


E 

369 

40-5 

96-0 

33 

7 

11 

7 

46 

30 

III 


E 

370 

40-7 

72-8 

33 

4 

19 

15 

31 

37 

II 


F 




33 

6 

30 

9 

24 

37 

I 

! 


371 

40-7 

77-7 

31 

4 

2 

1 

34 

46 

I 


F 

372 

40-9 

75-0 

32 

i 

20 

20 

5 

49 

II 


F 

373 

41-0 

72-5 

27 

8 

12 

10 

22 

33 

IV 


F 




27 

8 

12 

16 

16 

34 

III 






27 

8 

i 

12 

17 

45 

54 

n 

i 



374 

41-0 

73-5 

i 

24 

7 

6 

18 

! 31 

40 

IV ! 


F 




24 

7 

7 

11 

59 

0 

in 






24 

7 

12 

15 

12 

24 

IV 



375 

41-0 

77-5 

23 

S 

10 

| 1 

0 

34 

III 


F 




23 

8 

10 

2 

17 

20 

III 






27 

9 

15 

S 

30 

50 

II 






34 

7 

28 

2 

6 

32 

III 



376 

41-2 

75-2 

27 

5 

29 

10 

28 

34 

III 

i 

F 

377 

41-4 

68-6 

33 

6 

15 

3 

43 

12 

I 


F 

378 

41-5 

60-0 

25 

12 

18 

9 

24 

25 

II 


G 

379 

41-5 

63-5 

29 

6 

13 

22 

15 

36 

III 


G 

380 

41-6 

77-2 

33 

10 

6 

5 

59 

53 

I 


F 
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No. 

Lat. N. 

0 

; 

Long. E, 

o 

! 

Y. 

I 

M. 

! 

D. 

H. 

M. 

S. 

! Int. 

Focal 

depth. 

Region. 

381 

41-8 

66-2 

32 

10 

2 

3 

22 

10 

IY 


G 

382 

41-9 

75-9 

34 

9 

27 

22 

51 

19 

II 


F 

383 

42-0 

72-5 

28 

3 

30 

1 

1 

18 

III 


F 

384 

42-0 

74-0 

28 

8 

23 

3 

53 

25 

III 


F 

385 

42-0 

79-5 

32 

12 

24 

4 

17 

15 

II 

i 


F 


I 

1 j 


32 

12 

24 

i 

5 : 

12 

29 

II 
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AVIATION WEATHER RISKS AT DELHI 

BY 

K. C. CHAKRAVORTTY. 

(Received on 1st September 1947.) 


Abstract . — Delhi is an important station on the air-route. Occurrence of Weather phenomena 
adverse to aviation being of interest to pilots, the observational data collected by the Meteox ologieal 
Office at the Wilhngdon Aerodrome. New Delhi, have been analysed to find out the average frequency 
and duration of occurrence of Different adverse weather elements (tiz. n bad visibility, low-clouds, heavv 
ram, high winds, thunder-storms and dust-storms) for different months. An attempt has been made 
to explain the interesting features relating to the frequencies m different months. The diurnal varia- 
txon of the adverse weather conditions m different months has also been discussed. The note con- 
cludes with two diagrams to show which months of the year and which hours of the days of these 
months are best and worst for aviation in regard to weather at Delhi. 


INTRODUCTION, 

Delhi is an important terminus of many internal air-routes and an 
important station on the Trans India Route to the Far East. Occurrence 
of weather phenomena which are adverse to aviation being of interest to 
pilots, particularly for determining the landing and taking off conditions, 
it is the purpose of this note to give an analysis of the observational data 
collected during the period 1940 to 1946 by the Meteorological Office at the 
Willingdon Aerodrome at New Delhi, which kept 24 hours current weather 
watch during these years. 

2. Weather elements adverse to aviation. 

As far as surface weather condition is concerned the following are con- 
sidered to be the major aviation risks for a place like Delhi : — 

(i) Bad Visibility . — When visibility falls below 1,100 yards. 

(li) Low Cloud Base . — When the height of base of the lowest cloud 
falls below 1,000 feet and at the same time the total amount 
of sky covered by the low clouds is more than f . 

(iii) Heavy Rain . — Rain falling at the rate of 2" per hour. 

(iv) Gale or high loinds . — When the wind force is 28 m.p.h. or more. 


( 221 ) 
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(v) Thunderstorm occurring at the station. 

(vi) Duststorm occurring at the station. 

These criteria have been used in the preparation of [frequency tables., 
etc., presented in this note. 

3. Frequency of occurrence of adverse weather elements and their diurnal and 
annual variation. 

(i) Bad visibility . — (When Visibility falls below 1 ,100 yards.) The weather 
phenomena which commonly cause deterioration of visibility are fog or mist, 
precipitation, duststorm or dusthaze. The average number of days of bad 
visibility in each month at Delhi and the average duration of bad visibility 
on each such day are shown in Table I , the percentage frequency of occasions 
of bad visibility caused by different weather phenomena is shown in Table 
II and the frequency distribution of bad visibility at different hours of the 
day is given in Table III. 


Table I. 


Monthly frequency of bad visibility and its duration. 



January. 

— — 

February, 

5 

•qojejY 

. 

April. 

£ 
r= » 

June. 


August. 

September. 

October. 

November, 



December. 

Number of days of bad visibi- 
lity. 

3 

l 

1 

i 

i 

5 

i 

5 

1 


* 

0 i 

! 1 


1 

Duration (in hours) of bad 
visibility on each clay 
when it occurs. 

3 

3 

2 

i 

3 

3 

1 

i 

i 

* 

i 

3 


* One day in 2 or more years. 
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Table II. 


Percentage frequency of occasions of bad visibility caused by different weather 

phenomena . 













Number of hours per IflOO at ivliich bad visibility occurred vn different months 
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November 


Aviation weather risks at jdelili 


l 22& 


It will be seen that the frequency of bud visibility ut Delhi is maximum 
in the hot months of May and June being about 5 days in a month and this 
is mainly due to the frequent occurrence of duststornis and thick dusthaze 
in these months. In May bad visibility is most frequent in forenoon and 
evening while in June it figures largely throughout the daylight hours. Dur- 
ing January bad visibility is caused by fog and occurs on 3 days on the 
average mostly during the hours 0600 to 1100. Notwithstanding the low 
temperature reached at Delhi in the winter months, the frequency of fog 
even in the coldest month of January is quite low. This should be ascribed 
to the inland location of Delhi at an immense distance from the sea. The 
air in the cold season is usually very dry and only the most active western 
disturbances are able to draw enough moisture to produce foggy conditions. 
It is important that neither during May and June nor during January bad 
visibility persists for a long time, the average duration of bad visibility on 
a day of fog or dust being about 3 hours. During the months February to 
April and July to December bad visibility does not appear to be important 
at all for Delhi because its occurrence is very rare ; the. average monthly 
frequency being in no case more than one. 

(ii) Cloud height. — Table IV below gives the average number of days of 
low clouds (7 /10 or more) below 1,000 ft. above ground level month by month 
and the average duration of such low clouds on a day. 

Table IV. 


Monthly frequency of low cloud and its duration. 



03 

§ 

o3 

h-z 

February. 

March. 

April. 

6* 

§ 

§ 

July. 

43 

m 

2 

bo 

< 

s 

n 

CD 

Pw 

£ 

October, 

November, 

December. 

Number of days of low cloud 
in a month. 

2 

* 

0 

0 

0 

& 

3 

3 

? 

l 

* 

0 

i 

Duration (in hours) of low 
cloud on each day of its 
occurrence. 

6 

4 



i 

4 

5 

4 { 

5 

3 


3 


* One day in 2 years or more. 
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Tlie frequency ol occurrence of low cloud at Delhi is not large in any 
month, the maximum frequency being only about 3 days per month during 
July and August, the months in which the activity of the south-west monsoon 
with its characteristic low clouds and precipitation is at its worst as far as 
Delhi area is concerned. In these months when the monsoon front passes 
over or very near Delhi, it gets large amounts of low clouds with very low 
base. During September when the south-west monsoon is at the state of 
withdrawal from this area the frequency of low cloud decreases to about 1 
day on the average. Again under the influence of western disturbances in 
the months of December and January Delhi gets 1 or 2 days of low cloud 
on the average. The rest of the year (viz., February to June, October and 
November) is almost free from this hazard. An interesting feature about 
low cloud condition is that once it has begun it does not die out quickly, the 
average duration being 4 to 5 hours on a day. 

Table V gives frequency distribution of low cloud at different hours 
of the day in different months. 



Table V. 

Number of hours per 1,0U0 at which low clouds occurred m different months. 
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A study of the above table brings out a marked diurnal variation of 
low cloud particularly during tbe monsoon months. The low (loud sots m 
generally in the early morning and the condition worsens with the ad's anc e 
of the day. After midday an improvement takes place 1 gradually and the 
hours from sunset to midnight are almost free from low clouds. This can 
be explained by the fact that the surface temperature in the afternoon and 
evening is appreciably higher than that in the forenoon and early morning 
and the moisture content of the atmosphere remaining constant, the con- 
densation level should rise with increase of surface temperature and as such 
the cloud height should also increase. If the low clouds are due to presence 
of fronts near Delhi as discussed before, the same will deciease with the 
advance of the day as convection will obliterate frontal structure m the lower 
levels. 

(iii) Heavy rain . — The average number of days of heavy ram in different 
months of the year and the average duration of heavy rain per clay are. shown 
in Table VI below. The percentage distribution of heavy rain at different 
hours of the day is shown in Table VII. 


Table YI. 

Monthly frequency of heavy rain and its duration. 



One day in 2 years. 



Hourly percentage frequency of heavy rain in different months. 
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N*B *— Hourly percentage frequency is nil at all hours during other months. 
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Heavy rain does not appear to be important at Delhi inasmuch as its 
occurrence is very rare and is limited only to the monsoon months July, 
August and September. The average frequency is less than a day in each of 
these months and the average duration of heavy rain is not more than an 
hour on such a day. There does not appear to be any marked diurnal varia- 
tion in the occurrence of heavy rain. 

(iv) Gale or High Winds. — Table VIII below gives the average number 
of days of gale or high winds month by month and the average number of 
hours during which the high winds persist on each such day. 

Table VIII. 

Monthly frequency of high winds or gales and them duration. 


1 

1 

i 

January. 

February. 

March 

April. 

May. 

June. 

July. 

August 

September. 

October. 

November. 

December. 

Number of days of high winds 
or gales in a month. 

0 

1 

2 

I 

5 

5 

2 

;! 

i 

* 

L 

0 

* 

Duration (in hours) of high 
winds or gales on each day 
of their occurrence. 


5 

5 

G 

5 

6 

4 

2 

a 

3 


b 


* One day in 2 or more years. 


The frequency of occurrence of gales or high winds is maximum during 
the hot months May and June, the average frequency being about o days 
in each of these months and the average duration being 5 or 0 hours per day. 
The frequency comes down to about 2 days in March and July with an average 
duration of high winds for 4 to 5 hours per day. During the remaining 8 
months of the year gales or high winds are not at all important for Delhi 
because the hazard is either absent or occurs very rarely m these months. 

The frequency distribution of directions of gales or high winds in different 
months of the year is given in Table IX below. 
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Table IX. 

Wind. 

Percentage frequency of directions of gales or high winds w different months. 


Direction. 


Month. 

N. 

NE. 

E. 

SE. 

s. 

sw. 

W. 

NW. 

January 

0 

0 

0 

0 

0 

0 

1 

0 

0 

February .... 

0 

0 

0 

0 

1 

1 

1 

2 

March .... 

0 

0 

0 

1 

0 

1 

2 

5 

April .... 

1 

0 

1 

0 

0 

0 

2 

1 

2 

May 

i 0 

0 

1 

1 

1 

3 

16 

7 

June . ... 

i I 

0 

0 

0 

0 

4 

16 

7 

July . 

0 

0 

0 

2 

2 

3 

5 

2 

August 

1 

0 

1 

0 

0 

0 

1 

0 

September . 

0 

0 

0 

0 

0 

0 

1 

0 

October .... 

1 

0 

0 

0 

0 

0 

1 

2 

November .... 

0 

0 

0 

0 

0 

0 

0 

0 

December .... 

0 

0 

0 

0 

0 

0 

1 

0 


From a comparative study of the Tables VIII and IX it would appear 
that the majority of gales or high winds blow from a westerly or northwester- 
ly direction particularly during those months of the year , in which gales or 
high winds are considered to be important from the point of view of their 
frequency and duration. 

Table X gives the frequency distribution of gales or high winds at different 
hours of the day in different months. 

c 


Number of hours per 1000 at which gales or high winds occurred in different months , 
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I 


November 
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An interesting feature about the diurnal variation of gales or high winds 
is that in most of the months the frequency increases with the advance of 
the day, and decreases towards evening. During night hours the occurrence 
of this hazard is very rare. Thus the frequency more or less follows the 
diurnal variation of temperature. Quite naturally so, because barring the 
special circumstances the thermal effect of solar radiation is mainly responsible 
for surface wind structure. 

(v) Thunder . — Thunderstorm is a major aviation risk because of its 
destructive violence ; large turbulent motion, severe wind gusts, poor visibi- 
lity, exceptionally heavy showers of rain and often hail are its characteristic 
features. 

The average number of thundery days in different months of the year 
at Delhi and the average duration of thundery condition on each such day 
are given in Table XI below. 


Table XI. 

Monthly frequency of thunder and its duration. 



January. 

February. 

March. 

April. 

May. 

o 

a 

a 

J5- 

h? 

August. 

September. 

October. 

November. 

£ 

1 

O 

Q? 

ft 

Number of days of thunder 
in each month* 

i 

2 

i 

3 

3 

5 

5 

4 

3 

1 

0 

* 

Duration (in hours) of thun- 
dery condition on each day 
of its occurrence. 

3 

2 

2 

2 

2 

2 


2 

2 

2 


3 


* One day in 2 years* 
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Delhi gets thunderstorms in almost all months of the year. The monthly 
frequency of occurrence is about 5 days in June and July, 3 or 4 days in 
April, May, August and September and 1 or 2 days m January, February, 
March and October. Taking the year as a whole 80 per cent, of the thundery 
days fall within the six months from April to September— pre-monsoon, 
monsoon and post-monsoon months. It is significant that the maximum 
frequency of thundery condition at Delhi occurs near about the time, of onset 
of southwest monsoon. The few thunderstorms which occur during the cold 
season October to March are invariably associated with the cold fronts oi 
western disturbances. Here also the moist southerly current of oceanic 
origin induced by the western depressions plays an important part in creat- 
ing the thundery conditions. Although the frequency of thunderstorms u 
considerably less in winter than in summer, it is interesting that thunder} 
condition once started on any particular day in the coldest months December 
or January persists for a slightly longer time than that m any other month 
the average persistance being about 3 hours in December and January anc 
about 2 hours in the other months. The normal atmospheric conditioi 
being more stable in winter than m summer, the instability m a wintei 
thunderstorm perhaps takes more time to be wiped out. 

The frequency distribution of thunder at different hours of the day, montl 
by month is shown m Table X1L. It is observed that except during tin 
months June and July thundery conditions have a tendency to predominate 
in the late afternoon and evening. This is because of the maxiimm 
instability of the atmosphere being established at these hours. In Jum 
and July besides afternoon and evening, the early morning hours (say 020t 
to 0700 hours) also get a good number of thunderstorms. These thunder- 
storms in the early mornings are evidently not heat thunderstorms. It if 
probable that the Katabatic flow or the flow of air from nearby thunderstorm! 
or presence of nearby fronts which will be well marked at these hours due t( 
absence of insolation or radiative cooling of cloud tops is responsible fo; 
relatively greater frequency in the early morning hours. 
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(vi) Duststorm . — The conditions which gi\c vise to dusts towns arc* 
practically same as those lor thunderstorms except that, the extreme dryness 
of the atmosphere in case of duststorms rules out any condensation, the effect 
©f the cumulonimbus cloud being confined to large air currents which raise 
dust from the ground. 

The average number of days of duststorms at Delhi in different months 
of the year and the average duration of duststorm per day are shown in 
Table XI £1 and the frequency distribution of duststorms at different hours 
of the day is given in Table XIV. 


Table XIII. 

Monthly frequency of duststorms and their duration. 



January, 

£ 

1 

1 

March. 

April, 

!>* 

4 

June. 

! 

; 

■e 

173 

<3 

£ 

i 

P-4 

03 

w. 

S3 

•s 

o 

° 

u 

<33 

la 

o 

> 

December. 

Number of days of duststorm 
in each month. 

0 

0 

❖ 


3 

4 

* 

* 

* 

0 

: 

0 

0 

Duration (in hours) of dust- 
storms on each day of its 
occurrence. 



i 

1 

2 

2 

i 

1 

1 





* One day in 2 or more years# 













Hourly perc('hith(je jf( I* of v^^tstonns in different p*onths. 
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Although duststorm is considered to be one of the major aviation hazards 
an aviator need not worry much about it as far as Delhi is concerned. The 
frequency of duststorms at Delhi is not at all large and its occurrence is 
limited practically to the three months April to June. On the average, dust- 
storms occur on 3 to 4 days per month in May and June and on one day in 
April ; the average duration per day is about 2 hours in May and June and 
1 hour in April. No marked diurnal variation in the occurrence of this 
phenomenon is noticeable except for the fact that duststorms like thunder- 
storms have a tendency to occur in the afternoon and evening during hot 
months. Here also the maximum instability of the atmosphere in the after- 
noons and evenings during hot months is mainly responsible for this feature. 

4. Conclusion. 

From a practical point of view, so that he may take the necessary pre- 
cautions, an aviator may be interested to know which months of the year and 
which hours of the days in those months are best and worst for aviation in 
regard to weather at Delhi. In order to meet this point, the frequency of 
days of adverse weather at Delhi (irrespective of the type of weather) in 
different months, the average duration of adverse weather on each such day 
and the hourly frequency of the sum total occasions of adverse weather in 
different. months have been found out and shown in Tables XV and XVI. 
From this point of view, the unfavourable months for Delhi are May, June, 
July and August, the summer and monsoon months. On an average 10 
days in May, 12 days in June, 10 clays in July and 6 days in August are 
associated with adverse weather, the unfavourable condition persisting, on 
the average, 5 to 6 hours in May and Juno and 3 to 4 hours in July and August. 
The rest of the year, and the months of October, November and December in 
particular, with their cloudless skies, brilliant sunshines and still air, is 
practically free of unfavourable conditions, excluding of course the occasional 
occurrences which do not come out in the averages. 

From. a study of the diurnal variation of the adverse weather elements 
as shown in Table XVI it would appear that the frequency of occurrence of 
the adverse weather elements in the 4 most disturbed months May to August 
is appreciably greater during the day-light hours than at night. In December 
and January adverse elements are confined to the mornings while in March 
and April they, occur mostly in the late afternoons and evenings. It is 
significant that in all months, except May and June, the best aviation weather 
in the 24 hours occurs during the middle part of the night, say 2100 hours to 
0200 hours. The Figs. 1 and II directly show the hours in different months 
at which the weather elements adverse to aviation are “ most frequent ” 
and “ least frequent 



AVIATION WEATHER RISKS AT DELHI 


239 


Table XV. 

Monthly frequency of days of adverse iveather and the average duration of adverse 
weather on each day of its occurrence. 



January. 

February. 

March. j 

April. 

£ 

a 

June. 

July. 

to 

1 

September. 

October. 

W 

1 

CD 

1 

December. 

Number of days of adverse 
weather (any type) in a 
month. 

4 

, 

4 

3 

i 

4 

10 

12 

L 

6 

4 

2 

i 

* 

i 

Duration (in hours) of adverse 
weather on each day of 
its occurrence. 

5 

3 

3 

3 

5 

6 

4 

3 

3 

2 

1 

3 


* One day in 7 years. 









Number of hours per 1000 at which any type of adverse weather occurred in different months. 
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